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GEOLOGY OF THE BLUE HILL- CASTINE MINING DISTRICT
SOUTHWESTERN HANCOCK COUNTY, MAINE
ABSTRACT
The Blue Hill-Castine mining district of Hancock County, Maine is
underlain by folded and faulted Early Paleozoic metasedimentary and metavolcanic rocks that have been intruded by the mafic Bays-of-Maine complex
and Devonian granitic plutons.
The quartzofeldspathic Ellsworth schist with intercalated metadacites
and metaquartzites is the oldest
15,000 feet thick.

formation~

The formation is at least

The Ellsworth rocks were folded and regionally meta-

morphosed in the greenschist facies before depositiqn of the pyritiferous
Penobscot black slate of unknown thickness.

These two formations may be

Ordovician.
perhaps as much as 10,000 feet of metasedimentary and felsic metavolcanic rocks of the Castine formation were unconformably deposited upon
the Ellsworth and Penobscot formation in Siluro-Devonian time.

The Castine

tormation was intruded by a matic dike several hundred teet wide that was
regionally metamorphosed prior to intrusion of the 404 MY mafic Bays-otMaine matic complex.
This Early Devonian regional metamorphism produced regional and other
large and
northwest.

s~all
~his

southwesterly plunging tolds slightly overturned to the
period ot detormation ended with the generation ot north-

easterly and northerly taults ot moderate displacement that cut all of
the metasedimentary units.
Metabasaltic to metagabbroic dikes extending upward from the Baysof-Maine complex occupy some of the tault zones.

The main part of the

complex was intruded into the Ellsworth and Penobscot formations where it
gravitationally ditferentiated into basal ultramafic and gabbroic rocks

Figure I. INDEX MAP OF THE BLUE HILL-CASTINE DISTRICT
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(some of which are layered) with diorites and

q~artz

diorites above.

This

stratiform body probably is less than 3000 feet thick, and probably underlies the entire district.
Porphyritic, leucocratic stocks composed predominantly of quartz
monzonite intruded or contact metamorphosed all of the younger units.
The nearly contiguous South Penobscot and Sedgwick plutons have the same
mineralogy, southward dip, and age (385 MY).

The rising plutons deformed

the inner part of their own contact metamorphic aureoles.

The South

Penobscot pluton was intruded along the top of the Bays-of-Mnine complex
and the Sedgwick along the Ellsworth-Castine contact and a synform within,
the Ellsworth.

The composite nature of these stocks is probably due to

inward crystallization of successive shells.
All of the Fe-Zn-Cu-Pb sulfide deposits of the district occur within
contact metamorphic aureoles g,enerated by the granitic plutons or the
Bays-of-Maine complex.

An exception may be Callahan Mining Corporation's

deposit on the Cape Rosier peninsula three miles west of the mapped area.
The banded nature of the sulfides and folded sulfide veinlets can best
be explained by assuming that the sulfide deposits formed above granitic
plutons which later rose through and locally deformed the inner part of
their own contact aureoles.

Hydrothermal alteration is miniscule; sulfides

within the plutons, other than very sparsely disseminated pyrite, are
rarities.
Without realizing that they were in the same rock type, prospectors
have explored the Brooksville greenschist as a potential source of copper
for the past 90 years; the results have been uniformly discouraging.
The known prospects with the greatest, but perhaps dubious, potential
occur in hornfelsed Castine metadacites on opposite sides of the Bagaduce
River; this subfluvial deposit may have sufficient tonnage to justify

further exploration.
The stratabound copper and zinc deposits of the Black Hawk mine in
Blue Hill occur within a quartzite bearing interval of the

Ell~worth

schist next to the northern margin of the Sedgwick pluton.

Detailed

mapping indicates that the same geologic environment exists north of
South Brooksville.

This area has never been prospected.

One of the most promising, and as yet unevaluated areas, for a new
mineral discovery is in Penobscot township.
to~vard

Exploration should be directed

finding a small to medium sized Sudbury··type nickel deposit along

the basal contact of the Bays-of-Maine complex and the pyritiferous
Penobscot black slates,

A nickel deposit at Penobscot together with the

one in Warren and Union townships of Knox County might justify a nickel
smelter and
State.

pe~mit

the economic mining of nickel-copper ores in the

1.

INTRODUCTION
LOCATION AND ACCESS
The Blue Hill-Sastine district is on the eastern side of Penobscot
Bay (Figure 1) in southwestern Hancock County, Maine,

Concordant summits

rarely exceed an altitude of 300 feet but Blue Hill, a monadnock in the
township of the same name, is about 934 feet,
The two major towns in the area, Blue Hill and Castine, are well
known summer resorts.

Access within the area, by paved State roads

and various secondary roads, is generally good.

2.

PREVIOUS WORK
The Blue Hill-Castine district was explored for copper-zinc sulfide
orea during the 1880 1 s and again during the past decade.

Two important

discoveries have been made in the last ten years: the currently inactive
Black Hawk mine (Denison Mines, Ltd., Toronto) in Blue Hill township and
the Harborside mine (Callahan Mining Corp., New York) on the Cape Rosier
peninsula of Brooksville township.
Both periods of exploration prompted reconnaissance geologic mapping.
Smith and others (1907) included the Blue Hill-Castine district in the
northeastern quarter of their 1:125,000 map of the Penobscot Bay quadrangle;
Wingard (1961) remapped the district on a scale of 1:62,500 and more
precisely delineated and described the units established by Smith and
others, especially in the western half of the district.

Forsyth (1953)

mapped the western side of Blue Hill Bay (approximately 1:54,350).

The

many less inclusive studies made prior to the present report are noted by
Wingard (1961) and Jones (1969).

Previous studies of the mineral deposits

are discussed later in this report.

3.

PURPOSE
Both periods of exploration and Young's subsequent geophysical
investigations (1962) of individual prospects were made without the
benefit of detailed geologic knowledge of the area.

The purpose of

the present investigation, sponsored by the Maine Geological Survey,
is to provide this knowledge (by field mapping and laboratory investigations) so that mining companies may conduct more meaningful exploration programs.

The present investigation startea with detailed

mapping of the bedrock in the summers of 1967 and 1968 (see table 1).
Investigation of the mineral deposits began in 1968 and will continue
throughout the project.

Hopefully, the program will be funded for

another year to complete sulfur isotopic and other geochemical studies
to elucidate the origin of the mineral deposits.
The areas shown in Figure 1 were chosen for mapping at a scale
1:16,000 for two reasons.

They contain most of the prospects and old

mines of the district tabulated by Hussey (1958) and examined by Young
(1962).

Secondly, Callahan Mining Corp. is now engaged in detailed

mapping and exploration of the Cape Rosier peninsula peripheral to its
Harborside mine, and D.B. Stewart of the U.S. Geological Survey is
currently mapping the Penobscot Bay region including the townships of
Brooklin, Sedgwick, and the southeastern part of Brooksville on a scale
of 1:62,500.

When all three projects are completed, detailed mapping

will extend from Cape Rosier to Blue Hill and can be compared with the
results of Stewart's regional mapping.

Approximately 60 square miles

have been mapped during the current investigation.

4.

Area shown
in Figure 1

Eastern area

Central area

Mapped by

M. B. Jones

J. D. Oliphant

(1969)

Western area
E. S. Cheney
Summers 1967, 1968

Summer, 1968

Summer, 1967
Description
in text of
this report

"Blue Hill
area"

"Penobscot
area"

"Brooksville
area" (all of
western area
except
Castine
township)

"Castine
area"
(Castine
township)

Geologic
map in
this report

Plate IIB

Plate IV

Plate IB

Plate III

Hajor
Rock Uni ts

Sedgwick
granitic
pluton

South
Penobscot
granitic
pluton

Sedgwick
granitic
pluton

Bays of
Maine
gabbrodiorite

Bays of
Maine
gabbrodiori te

Bays of
Maine
metagabbroic
dikes

Brooksville
orthoarnphiboli te

Ellsworth
schist
Table 1.

Castine

Castine

fm.

fm.

Penobscot
slate

Penobscot
slate

Ellsworth
schist

Ellsworth
schist

Ellsworth
schist

Index to geologic mapping and rock units described in this
report

5.

OUTCROP DENSITY AND GEOLOGIC MAPS
The bedrock geology of the Blue Hill-Castine district is not well
exposed.

The ten foot tides have produced a thin strip of outcrop along

the tidal rivers and coast.

Because (1) forests, swamps, and Quaternary-

Recent undifferentiated deposits obscure large areas of bedrock, (2)
virtually all of the geologic contacts are covered, and (3) topographic
relief is minimal, the known distribution of rock types must be used to
infer geologic relationships.

In short, the geologic maps of this report

are a combination of fact and inferrence and must not be considered unique
solutions.
Accordingly, the available outcrops are plotted on Plates I to VI
so that the reader may make his own alternative interpretations.

In the

Brooksville and Blue Hill areas, in which outcrops are locally quite
numerous, this was accomplished by making separate outcrop and geologic
maps (Plates IA and IB, IIA and IIB).

Geologic mapping to date in the

'Castine area is so fragmentary, that Plate III is only an outcrop map.

6.

REPORTS
In May 1968, I submitted a First Annual Report for the Maine Geological Survey.

Except for its photographs of rock types, that report is,

as of now, completel.y superceded by this Second Annual Report.

.

M.B. Jones

(1969) did a Master of Science thesis on the Blue Hill mining district.
Another Master of Science thesis is currently being completed by J.D.
Oliphant on the mafic and granitic rock_s of eastern Penobscot township.

7.

ACK._NOWLEDGEHENTS
Mr. Robert G. Doyle, Maine State Geologist, funded this investigation
through the Maine Geological Survey.

During this project, Mr. Doyle, the

geological staffs of Denison Mines Ltd. and Callahan Mining Corporation,
and Dr. D.B. Stewart of the U.S. Geological Survey, provided many
stimulating conversations or field excursions.
Special thanks are due to my students, M.B. Jones and J.D. Oliphant,
who mapped the Blue Hill and Penobscot areas, respectively.
extensive use of their work.
ant during the summer of 1968.

I have made

L.W. Oliphant was an excellent field assist-

8.

GENERAL GEOLOGY
ROCK UNITS
Regionally the Ellsworth schist is a quartzofeldspa':hic muscovitechlori~e

schist with minor intercalated amphibolites, metaquartzites,

and felsic metavolcanic rocks.

Contact metamorphism has converted the

Ellsworth into biotite schists and gneisses characteristic of the albite
epidote and hornblende hornfels facies.

The black, pyritiferous Penobscot

slate overlies (probably nonconformably) the Ellsworth and is, in turn,
overlain by the Castine formation.

The lithologically variable Castine

consists of slightly metamorphosed graywackes, and gray slates.

The

·Brooksville greenschist, a peneconcordant former mafic intrusion within
the Ellsworth and Castine formations, is the only easily mappable metamorphic rock in the district.

The post-Brooksville mafic Bays-of-Maine

igneous complex is but slightly metamorphosed; metabasaltic to metagabbroic
dikes presumably derived from this complex were emplaced along faults
after the Brooksville and older units had been folded.

Composite, early

Devonian; biotite-bearing quartz rnonzonitic stocks intrude the Bays-of1

Maine complex and caused contact metamorphism of all of the other units.

9.

AGE OF METAMORPHIC ROCKS
This investigation has not yielded any new data on the age of the
metamorphic rocks but has confirmed their relative ages.
schist, which is pre-Middle

Silu~ian

The Ellsworth

(Wingard, 1961) has been variously

designated Precambrian or Cambrian (Smith and others, 1907), CambrianOrdovician (Doyle and others, 1967), and Late

Ordovi~ian

(McGregor, 1964).

Smith and others (1907) thought that the Castine was Cambrian, whereas
Wingard (1961) considered it Middle or Late Silurian, and Doyle and others
(1967) have suggested

t~at

it is Silurian-Devonian.

Presumably the cur-

rent mapping of the Penobscot Bay region by D.B. Stewart of the U.S. Geological Survey, together with the

~adiometric

dating being done by

D~G.

Brookins of Kansas State University, will resolve some of these uncertainties.

Because the age of these and the other units are not well established,

no age designatio11 has been included in the formational symbols on Plates
I

to VI.
The relative ages of the metamorphic rocks can be reasonably well

established in the vicinity of West Brooksville (see Plate IB).

The

Penobscot pyritiferous slate, which does not seem to be as deformed as
the Ellsworth schist, is in the axial portion of the West Brooksville
syncline, the limbs of which are Ellsworth schist.

In the light of this

new evidence, Wingard's tentative suggestion that the Penobscot slates
are part of the Ellsworth schist seems unlikely.

At Lords Cove, the

Castine formation unconformably overlies the Penobscot slate.

In the

area of Plate V, Ellsworth clasts occur in Castine conglomerates (see
Cheney,

1~68,

figure 7).

The herein named Brooksville greenschist cuts

both the Ellsworth and the Castine north of West Brooksville and is in
contact with the Penobscot slate at West Brooksville (Plate IB).

METAMORPHIC ROCKS
ELLSWORTH SCHIST
Distribution
Smith and others (1907) geographically defined the Ellsworth schist
as representative of the rocks in the city of Ellsworth.

Geologic

reconnaissance by myself seems to substantiate McGregor's correlation
1

(1964, p. 22-26) of the Ellsworth fonnation of the Blue Hill area with
his Lamoine Group within the Ellsworth schist in the Ellsworth quadrangle.
According to McGregor, the Lamoine group consists of a maximum of 25,000
feet of non-porphyblastict quartzofeldspathic schist and is overlain by
10,000 to 15,000 feet of porphyroblastic (minor garnet and tourmaline
with major amounts of albite)

quartzofeldspat~ic

greenstone) which he named the Egypt group.

schist (actually a

However, until the regional

significance of the Lamoine and Egypt lithologies are established by the
current regional mapping of D.B. Stewart, the Lamoine-like rocks in the
Blue Hill-Castine district will simply be designated Ellsworth schist,
Smith and others (1907) showed that within the Blue Hill-Castine
district, the Ellsworth schist underlies those parts of Brooklin, Sedgwick,
and Blue Hill townships east and north of the Sedgwick granitic pluton.
Wingard (1961) recognized that the Ellsworth also underlies a considerable
part of northwestern Brooksville and a portion of southeastern Penobscot
townships.

The present investigation indicates that the Ellsworth

schist extends further to the southwest than the previous investigators
realized: it forms the western contact of the Sedgwick granitic pluton
within \ mile of South Brooksville, and a large xenolith of Ellsworth
schist occurs within the pluton at Snake Pond east of South Brooksville.
Major lithologies within the Ellsworth schist are metasedimentary
phyllites and schists, mappable porphyritic meta-quartz latites and

11.

biotiferous quartzites, and minor unmappable greenstones.

In the absence

of type seciions, the Castine is herein distinguished from the Ellsworth
by its still discernable elastic units, greater lithologic variability,
lesser degree of metamorphism, or lesser quartz content.

Because the

first three criteria also were used by Wingard (1961), the formational
contacts of his and the present study are similar (judgir:g from the absence
of foliation symbols on his map, Wingard did not map the area of Ellsworth
discovered during this investigation north of South Brooksville).

The

lesser quartz content is helpful in differentiating the hornfelses and
granofelses of the two formations.

Severely deformed greenish rocks in

areas of little or no outcrop are somewhat difficult to assign to the
proper formation.
Thickness.

The thickness of the Ellsworth schist in the Blue Hill-

Castine district is imperfectly known.

McGregor estimated that the

Lamoine Group near the city of Ellsworth is 25,000 feet thick.

Assuming

·an average dip of 35 to 40° and no repetition of units, Jones (1969)
estimated that the Ellsworth schist in the southern half of Blue Hill
township (Plate IIB) might be 15,500 feet thick.

The Ellsworth schist

extends northward beyond Blue Hill and southward to the Flye Point peninsula in Brooklin (see Figure 1).

However, a major southeasterly trending

synforrnal axis exists in central Brooklin (Forsyth,
1953; Wingard, 1961)I
.
and a southwesterly plunging synforrnal axis underlies Blue Hill Neck
(Forsyth, 1953; Jones, 1969, and Plate IIB of this report); therefore,
the Ellsworth schist in the eastern part of the district probably is at
least 15,000 feet thick.

12.

PhyJJitic and Ribbony schists.

The most distinctive snd widespread

Ellsworth lithology in the Blue Hill and Brooksville area is a schist
consisting of alternating fine grained, dark and white folia 2 to
thick (see Cheney, 1968, figure 10).

l}

mm

In many areas the folia outline

similar and ptygmatic folds, the crests of which have folia up to 6 mm
wide.

Both the folded and unfolded folia give the schist a ribbony

or woody appearance.
Depending upon the position of a sample with re?.pect to the
biotite isograd, the dark folia contain biotite, chlorite, muscovite,
and lesser amounts of epidote, opaques (usually sulfides), quartz and
plagioclase.

The white folia are predorninatly quartz and plagioclase

with minor epidote, biotite, muscovite,and chlorite.
Rocks outside the biotite isograd are characteristic of the greenschist facies as defined by Turner (1968).

Table 2 lists the ribbony

rocks of this facies from the Brooksville area, Blue Hill area (Jones,
1969), and the Ellsworth quadrangle (McGregor, 1964).
of this facies (MBJ 67/486.B) is listed in Table 4.
ribbony schists within the biotite isograd.

A greenstone
Table 3 lists
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Table 2.

Estimated modes of Ellsworth ribbony schist of the 'greenschist
facies
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67/662 Cataclastic ribbony chlorite schist, southeast of Route 199, ~
mile northeast of Castine-Penobscot town line.
MBJ 67/45.A Quartz-chlorite schist, ~mile north of Blue Hill town line
on eastern shore of Blue Hill Neck (Jones, 1969).
MBJ 67/45.B

Quartz pod near 67/45.A (Jones, 1969).

EL 45-35

Nonporphyroblastic schist, Trenton Township, west bank of Jordan
River~ mile north of BM 56 (McGregor, 1964).

EL 447-260 Nonporphyroblastic schist, Lamoine township, west bank of
Hancock Point west of South Hancock cemetery (McGregor, 1964).
EL 456-269 Nonporphyroblastic schist, Hancock township, east side lower
Skillings River (McGr~gor, 1964).
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In the southern half of Blue Hill township the greenschist facies
rocks are restricted to the eastern shore of Blue Hill Neck.

These phy-

llitic rocks have been described by Jones (1969):
The foliation stands out clearly on weathered surfaces,
especially along the beach, The primary foliation ls locally
folded on the scale of one to two inches. Where thi.s foldi.ng
is, well developed, ~ second foliation exists parallel to the
axial planes of th8 folds. In thin section this foliation is
defined by the sub-parallel orientation of chlorite and muscovite plates, parallel quartz-rich and mica-rich layers, elongation of quartz-rich lenses, and elongation of quartz, feldspar,
and calcite grains.
Metamorphic differentiation associated with the regional
metamorphism (McGregor, 1964) causes some of the segregation
of quartz lenses from the mica layers. Large quartz lenses
and pods are several inches across and up to one foot long~
These lenses and pods contain most of the minerals common to
the chlorite zone, but are about 90% quartz, Quartz within
the mica layers is very fine grained and elongate parallel
to the foliation. The quartz within the lenses is coarser
grained and exhibits a more pronounced mosaic texture. In
places quartz lenses a few millimeters wide cut across the
quartz-mica layers. The quartz in these lenses, which probably
filled dilatant structures, is also coarser grained, more
"mosiac," and less strained than the quartz in the mica layers.
Because it also occurs within the biotite isogra<l on Blue Hill Neck,
'phyllitic texture is not a characteristic of the. greenschist facies.
Because ribbony chloritic schist occurs (1) on both sides of the Bagaduce
River near the common corner of Brooksville, Penobscot, and Castine townships (Table 2, 67/662), (2) along Route 175 east ot the Benjamin River
in Brooklin township, and (3) along Route 179 northeast ot Ellsworth Falls
in the city of Ellsworth within McGregor's

La~oine

group, ribbony folia-

tion is probably characteristic ot the chlorite zone and is preserved in
the outer parts of the biotite zone.

On the islands northeast of the Nub, and

in some places on the northeastern shore of Blue Hill Neck, ribbony foliation is preserved between secondary foliation surfaces.

Thus, the

phyllitic texture on Blue Hill Neck may be due to a secondary foliation
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(presumably developed during formation of the Blue Hill Neck synform)
rather than being indicative of an individual metasedimentary unit within
the Ellsworth sthist.
The ribbony schists have had a complex history.

Outside the biotite

zone (67/662 of Table 2) an initial foliation defined by ptygmatic folds
consisting of muscovite (with minor chlorite), quartz, plagioclase and
opaque minerals is cut by a second (axial plane) foliation defined by
coarser opaque minerals and chlorite with minor muscovite.

The same rela-

tionships occur in 67/539 of Table 3 except that in addition, poorly
oriented biotite and minor epidote replace muscovite, chlorite, and plagioclase.

The poor orientation of the biotite in this and the other samples

of ribbony biotiferous schists listed in Table 3 and the position of these
schists between the chloritic schists and the porphroblastic hornfelsgranofels-skarn zone surrounding the granitic plutons of the district
clearly indicate that the biotite is of contact metamorphic origin.

These

rocks probably represent the albite-epidote hornfels facies of Turner
(1968).

Several samples of biotite schist have undergone additional retro-

grade metamorphism (producing chlorite along a second foliation, 68/1600,
Table 3) or hydrothermal alteration (producing extensive sericite, 68/1133
and 68/1155 of Table 3 and Jones, 1969).
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Table 3.

Estimated modes of Ellsworth ribbony biotite schist
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fine-grained, highly birefringent, and colorless
phyllosilicate of unknown composition
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Table 3 (continued)
MBJ 67/82.C Ribbony biotite schist, west shore Blue Hill Neck, just
south of narrows in Salt Pond, 5/8 mile along shore from Highway
175 (Jones, 1969).
MBJ 67/83 Ribbony biotite schist, west shore Blue Hill Neck, just
south of narrows in Salt Pond, about 3/4 mile along shore from
Highway 175 (Jones, 1969).
MBJ 67 /163 Ribbony biotite schist, roadcut 3/lt mile south of Highway
176 on western road to Blue Hill Falls from Blue Hill Village
(Jones, 1969).
MBJ 67/518 Ribbony biotite schist, west shore of Blue Hill Harbor,
13/16 mile by Highway 172-175 south of Blue Hill Village (Jones,
1969).
67/248 Ribbony biotite schist, ~mile southeast of Mills Point, on
western shore of South Bay, Brooksville township.
67/539 Ribbony chlorite-biotite schist, 1/3 mile south of West
Brooksville.
67/874 Ribbony biotite schist, southern side of the mouth of Shepardson Brook, Smith Cove, Brooksville township.
68/1600 Ribbony biotite schist with chlorite concentrated in second
foliation, 100 S, 1050 Won Jones prospect grid (Plate V),
western end of Bagaduce River Narrows, Brooksville township.
68/1133 Altered ribbony biotite schist, 1350 N, 550 W on ShepardsonTapley prospect grid (Plate VI) on wood road, Brooksville township.
68/1155 Altered ribbony biotite schist, 1400 N, 200 E on ShepardsonTapley prospect grid (Plate VI) in prospect pit, Brooksville
township.
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U_nmappable meta-igneous rocks within the greenschist facies.

The phylli-

tic rocks on the eastern shore of Blue Hill Neck do contain greenstones
(Wingard, 1961) and metadacites (Table 4) not seen elsewhere in the Ellsworth schist that has been mapped during this investigation.

According

to Jones (1969):
/greenstones/ are less than one foot to three or four feet
• •• regional metamorphism has re~oved any f£rmer evidence
of contact metamorphism. Because the lgreenstone~/ are dark
green and break into joint blocks, they are easily distinguished
from the phyllites and schists.
thi~k.

The Lgreenstonei} consist of nearly equal amounts of plagioclase and actinolitic amphibole ••• (Table 4). The plagioclase
is sodic oligoclase to andesine with some relict synneusis
twins. The amphibole has consistent extinction angles of 12°
to 15°. All the rocks are very fine grained except for minor
quartz 0.1 mm to 5 mm and associated coarser amphiboles a few
millimeters long in lenses in the axial areas of microfolds.
Foliation consists of sub-parallel orientation of amphibole
and in places, trains and small veinlets of pyrite.
LGreenstone~/ of the greenschist and albite-epidote hornfels
facies are mineralogically similar. The uniform textural and
mineralogical compositions ••• , the relatively high calcic content
of the plagioclase in amphibolites of the greenschist facies
(Table 4, 67/486.B), and the relict synneusis twins suggest that
the lgreenstone~/ are metamorphosed mafic flows or sills rather
than meta-sediments.
Pyrite in the Lgreenstone~/ is very fine grained and anhedral
to euhedral. The euhedral grains imply the pyrite was formed
after penetrative deformation. Trains of pyrite follow folds in
the foliation. ·A selvage of yellowish brown biotite surrounds
some particularly prominent trains of pyrite.
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Thin concordant units of meta-dacite crop out on both sides
of Blue Hill Neck and on the western shore of Salt Pond, The
units are one to four feet thick, white or very light colored,
and lack megascopic foliation. These extremely fine grained
rocks contain relict phenocrysts of quartz and plag{oclase
(Table 4, 67/23, 67/101). On the western side of Salt Pond
the plagioclase phenocrysts are oligoclase; those on either
side of Blue Hill Neck are albite. Staining tests with sodium
cobaltinitrite indicate that no potassium feldspar occurs in
th~ rocks.
Mafic minerals compose less that 5% of the rock.
Fine grained, euhedral pyrite is about 1%, and some of the
grains contain inclusions of plagioclase. The undeformed
character of the pyrite relative to the strained, bent, and
broken relict plagioclase phenocrysts indicates that the pyrite
is post-kinematic. Regional metamorphism has obscurred any
flow banding and removed any former evidence of contact metamorphism,..
In thin section a faint foliation consists of
quartz bands of slightly different grain size and very thin
layers or veinlets of muscovite,
Except for their greater degree of foliation, these porphyritic
metadacites are texturally and compositionally similar to the porphyritic dacites of the Castine formation in Brooksville (compare with
Table 9).

Thus the metadacites on Blue Hill Neck may be sills emplaced

during Castine vulcanism,
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Table 4.

Estimated modes of meta-igneous rocks within phyllitic schists
of Blue Hill Neck, Blue Hill township (from Jones, 1969, Table
IIIA).
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MBJ 67/23 Meta-leuco-dacite, western shore Salt Pond, 1 1/8 mile along
Highway 172 north ot Blue Hill Township line.
MBJ 67/101 Meta-leuco-dacite, western shore Blue Hill Neck,
along shore line north of Carleton Island.

%mile

MBJ '67/33.A Greenstone, west shore Salt Pond, 5/16 mile north of narrows
in Salt Pond.
MBJ 67/486.B Greenstone, eastern shore Blue Hill Neck, 11/16 mile along
in Salt Pond.
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Ellsworth contact zone.

Between the ribbony biotite schists and the

granitic and mafic plutons is a discontinuous biotite-bearing zone of
variable thickness in which the ribbony foliation has been obliterated
or modified.

This zone underlies the hills along the western contact

of the Sedgwick granitic pluton north of South Brooksville; it also is
well exposed in road cuts of Route 172 along the northeastern contact
of the pluton in Blue Hill.

The zone along the western contact of the

South Penobscot granitic pluton underlies Youngs Islands and Tills Point.
The contact zone consists of the skarns, cataclastic gneisses (all
ot which have undergone retrograde metamorphism), and porphyroblastic
hornfelses and granofelses listed in Table 5.

Because the metaquartzites

and metavolcanic units within the Ellsworth are potential key units for
determining the structure and stratigraphy of the district, they are not
included in the contact zone.

The zone, therefore, consists primarily

of ribbony schist that has undergone higher grade contact metamorphism.
These high grade rocks are representative of the hornblende hornfels facies as defined by Turner (1968).

The absence of kyanite in

these rocks suggests that during contact metamorphism, pressures did
not exceed 3 kb, whereas the presence ot silirnanite in 68/1339 of
Table 7 and 68/1200 of Table 5 implies that temperatures within this
zone may have exceeded 450 to 550°.
Porphroblasts in the contact zone are garnet, andalusite, cordierite, and sillimanite (fibrolite variety).
zon~

The narrowness ot the contact

and the paucity ot outcrops preclude erecting isograds for all of

these minerals.

Because cordierite also occurs in some ot the Ellsworth

quartzites (Table 7) and in both the Ellsworth and Castine rnetavolcanic
rocks, and did occur in the Penobscot slate and Brooksville schist prior
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Table 5.

Estimated modes ot Ellsworth contact zone.

- -- - -- - - ---C"')

..-l

N

,.....

'°
..,
~

~

lagioclase

20

n content

36-27

iicrocline

12

0

..-l
..-l

°'

C"')

r--.

r-..

'°

\0

N

co
co
r-..

r-..

0
0

0

..-l

..-l

co

("")

C"')

\.0

N

\0

..-l

..-l

'°

00

co

co

~-i

\0

'°

12

10

10

16

30

30

4

'°

\0

..-l

co

'°

32

10

6

6

2

1

5

3

tr

tr

5

4

25

50

55

9

5

15

3

6

4
5

Myrmekite

tr

Sillimanite (fibrolite)

. 1

1

5

5

2

1

tr

17

5

Sillimani te

2

Andalusite

2

6

3
25

30

25

tr

40

1

Almandine

3

10
tr

Tremolite
tr

56

Hornblende

3

An thophy l lite

10

25
tr

Epidote
Calcite

1

Sulfides

4

2
2

Opaques
Sphene

tr

Apatite

tr

Zircon

10

4

tr

Diopside

25

70

tr

Actinolite

10

\.0

55

tr

Grossular

co

'°

74

Chlorite

Cordie rite

co

r-..

'°

28

10

tr

..-l

25

50

8

II')

co

..-l

50

78

tr

...:t-

tr

25

3

co

'°

N

..-l

\0

12

5

Biotite

..-l

Lt)

10

50

Sericite

'°

N

Lt)

tr

Quartz
Muscovite

N

...:t-

tr

tr

tr

4

1

1

2

1
1

tr

*petrographic sericite == fine-grained, highly birefringent, and colorless
phyllosilicate of unknown composition
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Table 5 (continued)

}lBJ 67/213 Gneissic skarn 3/4 mile northeast of Seven Star Hill and
1/16 mile west of Route 172, Blue Hill township (Jones, 19o9).

67/119 Gneissic skarn from end of southeastern arm of Tapley Cove,
Brooksville township.
67 /230 Granofels from 120 foot hill
Brooksville township.

~

mile southwest of Parker Pond,

67/788 Granofels from southwestern side of Tills Point, Penobscot
township.
68/1200 Hornfels from 100 foot hill ~ mile north of western arm of
Tapley Cove, Brooksville township. Sillimanite is replaced by
sericite.
68/1610 Granofels from the southern end of the 160 foot ridge one
mile southwest of Parker Pond, Brooksville township.
68/1631 Hornfels from SS' by 2S 1 foliated inclusion from Ellsworthgranitic zone on eastern ridge of 260 foot hill 3/4 mile northwest
of Snake Pond, Brooksville township.
68/1638 Granofels from southern end of 260 foot hill 7/8 mile northwest of Snake Pond, Brooksville township.
68/1642 Granofels from summit of 280 foot hill 3/.4 mile northwest
of Snake Pond, Brooksville township.
67/12S Augen gneiss on peninsula between the southeastern and southern
arms of Tapley Cove, Brooksville township.
68/14S2 Augen gneiss in southern cove of southwestern Youngs Island,
Bagaduce River, Penobscot township.
68/18S6 Augen gneiss from southeastern shore of Rockwood Point, Blue
Hi 11 township.
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to replacement by sericite and other minerals, a cordierite isograd was
chosen for Plate IB.
The restriction of garnet, andalusite and sillimanite to a contact
zone that seldom is more than a
gradients during

~ontact

~

of a mile wide may imply steep thermal

metamorphism.

However, north of South Brooks-

ville, the zone is narrow because only a narrow strip of ribbony schist
was available for contact metamorphism.
Isolated outcrops of augen gneiss occur at Rockwood Point and the
junction of Routes 172 and 175 in Blue Hill (see

Jon~s,

1969, Figure 4),

on the western shore of South Bay in Brooksville township (see Cheney,
1968, Figure 5), and in the southern cove ot southwestern Youngs Island
in Penobscot township.

In addition to megascopic epidote on fracture

surfaces, the gneisses are microscopically cataclastic, and retrograde
minerals (Table 5) occur along microfractures.

On the western shore

of South Bay just north of Tapley Cove, flowage within an Ellsworth
metavolcanic rocks disarticulated a basaltic dike (see Cheney, 1968,
Figure 4).
The gneisses can easily be mistaken for metaconglomerates in the
field (Forsyth, 1953).

The restriction of the gneisses to either the

Ellsworth contact, or Ellsworth-granitic zones, .the cataclastic, microscopic textures, and the monolithologic nature of the "clasts" suggest
that the rocks formed by extreme deformation o.f ribbony biotite schists.
Because all except the Rockwood Point locality are in or near the
Ellsworth-granitic zone, the augen gneisses may have formed during
forceful intrusion of the granitic plutons.

Figure 6 in Cheney (1968)

shows the development of megascopic augen structure in ribbony schist
due to the intersection of two sets of foliation planes.
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Metavolcanic rocks.

Concordant, leucocratic, porphyritic, aphanitic

metavolcanic rocks occur within ribbony biotite schists

~t

Second Pond

and Rockwood Point in Blue Hill, and from Tills Point in Penobscot
(within the Ellsworth-granitic zone) southward along the western shore
of South Bay to within a mile ot South Brooksville.

These rocks are

white weathering (buff weathering where they contain sulfides) and are
gray on fresh surfaces.

Although foliated, these rocks are more massive

than ribbony schist and so;ne of the metaquartzites.
These rocks are particularly important in the Brooksville area
(Plate IA) because they are the only key units within the ribbony biotite
schist.

In the vicinity of South Bay where the dips cf foliation in all

.units are close to vertical, a thicker eastern metavolcanic unit has an
outcrop width of 300 to 400 feet.

A thinner metavolcanic unit about 650

feet to the west parallels the 300 to 400 foot wide unit.

On the south-

western side of Tapley Cove, the thin unit consists of the following
vertical units from west to east: 20 feet of metavolcanic rock, 20 feet ot
ribbony schist, 2 feet of rnetavolcanic rock, 25 feet of ribbony schist, and
8 feet of rnetavolcanic rock.

Because outcrops are scarce and the metavol-

canic rocks are more resistant than ribbony schist, the 300 to 400 foot
wide unit might also be locally composite, but it is not composite along
the western shore of South Bay where the outcrop is continuous.
These rocks (67/563 and 68/1201 of Table 6) characteristically have
about 20 percent phenocrysts which are generally less than 5 mm in diameter.

Other than containing fewer metamorphic minerals, these rocks are

compositionally and texturally similar to the metavolcanic units or Blue
Hill listed in Table band described by Jones.(1969):
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The mineralogy is somewhat variable (Table 6, 67/457.B, 67/479,
67/RI0.3). The plagioclase is sodic oligoclase to calcic albite.
Microcline, andalusite, cordierite, and amphibole are present in
some samples. The rocks containing andalusite or cordierite have
more mica and a better developed foliation than the rocks without
andalusite or cordierite, The andalusite and cordierite-bearing
rocks probably were tuffs wtth admixtures of argillaceous material.
The more massive rocks may have b~en flows or sills, however, no
flow banding now exists.
Foliation consists of 1) quartz bands of slightly different
grain size, 2) segregation of mica, 3) sub-parallel orientation
of mica, and 4) elongation of quartz, feldspar, and where present,
andalusite and cordierite.
The coarser grains (to 2 mm) of quartz, microcline, and plagioclase are relict phenocrysts. Many of the feldspar grains, which
have synneusis twianing, are cracked or broken. The coar$er plagioclase grains are more calcic than the very fine groundmass grains.
In one sample the groundmass plagioclase is An12 to An 15 , but the
relict phenocrysts are Anzo·
Opaque minerals are less abundant in the meta-volcanic rocks
than in the phyllites and schists. Within the meta-volcanic
rocks, the opaque minerals are more abundant in the micaceous
tuffs. In meta-volcanic rocks containing both /~eddish and
greenish,/ biotite the opaque minerals are more -;;ommonly associated with reddish biotite.
In contrast to the above rocks, slightly hornfelsed rocks of similar
composition cropping out between the

Shep~rdson-Tapley

prospect and Route

176 (67/967 and 68/1095) have 25 to 40 percent phenocrysts, many of which
are 5 to 10 mm in diameter.

Between the Shepardson-Tapley prospect and

South Brooksville (see Plate IA) is another area of rnetavolcanic rocks
(68/1208 and 68/1354 of Table 6).

Unlike the rocks north of the Shepard-

son-Tapley prospect, these have poorly developed biotiferous folia, are
hornfelsed or granofelsed with the development of porphroblastic cordierite and groundmass biotite and microclineo

Because these rocks do contain

a few large relict ellipsoidal quartz phenocrysts like the rocks north of
the prospect, they are inferred to be the more metamorphosed equivalents
of the rocks north of the prospect,
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The different size and abundance of the phenocrysts suggest that
the above metavolcanic rocks represent two different portions within the
Ellsworth.

The rather long strike length and fairly constant spacing

between the two less porphyritic units near South Bay may indicate that
they were extrusive.
Biotiferous metaquartzites.

The ore of the Black Hawk mine and most ot

the prospects in the vicinity of Second Pond in Blue Hill occur within
a stratigraphic interval containing quartzites

intercal~ted

with ribbony

biotite schist and porphyritic metavolcanic rocks (Plate IIB).

Although

the quartzites were noted by Earl (1950b), Forsyth (1953), and Stickney
(in Young, 1962), and must have been mapped in the vicinity of the mine
by Black Hawk geologists, Jones (1969), was the first.to map and describe
them in detail:
••• The four biotiferous quartzites north and east of Second
Pond will be referred to as the first, second, third, and fourth
quartzites from north to south. The first biotiterous quartzite
is fine grained ana faintly foliated. The fresh surface is
mottled white; the weathered surface is light gray. The mineralogy is given in Table 7, 67/245, 67/312.A. Porphyroblastic
sub-idioblastic andalusite up to 2 mm contains helicitic inclusions ~f quartz. Toward the west the rock contains a few percent
of porphyroblastic cordierite with inclusions ot quartz and
andalusite. Toward the eastern end or the outcrop belt the rock
exhibits a second foliation with foliation planes about 2 mm
apart at right angles to the primary foliation. Coarser grained
(0.25 mm), less turbid, probably recrystallized quartz le~ses
define the second foliation •
••• The se£ond £iotiferous quartzite is fine grained. In the
roadcut on LRoutf:../ 176, the fresh rock is. white. The rusty
weathering of the eastern end of the outcrop belt is caused by
the slightly higher content of biotite and pyrite in the gray
fresh rock. The mineralogy is given in Table 7, 67/241, 67/309.
The degree of foliation also varies from west to east. In a
thin section fro~ the western part of the outcrop belt the cataclasis of the quartz grains (wavy extinction, extensive suturing,
and very fine grained rnylonitized quartz marginal to the larger
grains) and the lack of biotite obscure the foliation. Toward
the east the better developed foliation reflects segregation and
parallel orientation of biotite grains and elongation of quartz
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Table 6.

Estimated modes of metavolcanic rocks within the Ellsworth
schist.
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fine-grained, highly birefringent, and colorless
phyllosilicate of unknown composition
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Table 6 (continued)
MBJ 67/457.B Porphyritic metadacite, ~mile west of the northwestern
corner of Second Pond, Blue Hill township (Jones, 1969).
MBJ 67/479 Porphyritic metadacite, just north of the stream %mile
west of Rockwood Point, Blue Hill township (Jones, 1969).
MBJ 67/RI0.3 Porphyritic meta-quartz latite, northern side of Rockwood
Point, Blue Hill township (Jones, 1969).
67/563 Porphyritic metadacite between Perkins Mountain and Tapley
Cove, Brooksville township.
67/967 Slightly hornfelsed porphyritic metadacite 1/8 mile east of
Route 176 and 1/8 mile south of Shepardson Brook, Brooksville
township.
68/1095 Slightly hornfelsed porphyritic dacite west side of Route
176, ~mile south of 67/967.
68/1201 Hornfelsed porphyritic dacite on southwestern side of the
road 1/8 mile northwest of the western arm ot Tapley Cove.
68/1208-1 Phenocrysts in foliated and hornfelsed meta-quartz latite
1/8 mile east of Condon Cemetery, Brooksville township.
68/1208-2

68/1208 whole rock.

68/1354 Granofelsed foliated porphyritic rhyolite on southwestern nose
of 160 hill 5/8 mile east of Condon Cemetery.
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grains. The small amount of biotite (1% or less) in the west
may be due to the initial composition of the rocks.
Thin sections show the replacement of biotite by pyrite in
three stages: 1) very fine grained trains ot pyrite along biotite cleavage planes 2) stringers and fingers of pyrite within
biotite cleavage planes 3) massive pyritic pseudomorphs of
biotite. Wispy muscovite (sericite*) replaces andaiusite along
fractures and cleavage planes •
••• The third biotiferous quartzite is mottled gray on fresh
surfaces and iron stained on weathered surfaces. The grain size
ranges from very fine to about 1 mm. The mineralogy is given
in Table 7, 67/507, 67/510.A. Toward the west the andalusite,
cordierite, and pyrite are porphyroblastic to about 2 mm. Toward
the east the biotite and quartz are slightly larger; cordierite
porphyroblasts are as large as 4 mm; andalusitA is absent.
At the eastern limit of the ouccrop belt the axial planes of
folds about 5 mm apart in the primary foliation form a second
foliation. Cordierite and biotite grains are bent by this
second foliation, but the axes of the folds producing the second
foliation are cut by sericite. The second foliation is, therefore, older th3n the alteration anu possibly contemporaneous
with faulting to be discussed below •
••• The fourth biotiferous quartzite varies from white to
gray on fresh surfaces and is generally iron stained on weathered surfaces. The rock is fine grained, generally less than
1 mm. The mineralogy (Table 7, 67/453.A, 67/494.A, 67/278.B)
does not change significantly from west to east.
Quartz is moderately sutured, has wavy extiactio~ and contains
inclusions of very fine grained biotite. The larger grains are
elongate parallel to the foliation.
Muscovite occurs in two forms; as very fine grained wispy
patches and stringers (petrographic sericite) ana as larger
individual grains. The wispy or felty patches are parallel
to the foliation and, where relatively abundant, form mattes
surrounding the other minerals, particularly quartz. The felty
muscovite contains inclusions of the larger grains ot muscovite,
The large muscovite grains contain inclusions ot quartz, biotite, and opaque minerals and intergrowths of biotite. Some of
the larger grains cut across the foliation indicating static
crystallization.
Orangish brown biotite occurs as scattered gr~ins and as
stringers parallel to the foliation. The sub-parallel orientation of the grains indicates static crystallization. The
biotite includes quartz and zircon.

*

The sericite is "petrographic sericite"--very fine grained, white
phyllosilicates of undetermined composition.
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The opaque minerals, primarily pyrite, form granular or
elongate patches parallel to the foliation.· They contain inclusions of quartz, biotite, and muscovite grains and appear
to cut across felty muscovite patches. Evidence for the replacement of biotite by pyrite includes 1) slightly translucent
pleochroic brown minerals 2) dusty opaque inclusions along
cleavage planes of biotite and patchy opaque inclusions within
biotite grains 3) inclusions of biotite within opa~ue minerals
4) opaque minerals with pseudomorph biotite cleavage traces.
Some of the andalusite is porphyroblastic up to 2 mm. Andalusite is anhedral, elongate, strung out in trains parallel
to the foliation, and is oriented sub-parallel to the foliation. The andalusite contains inclusions of quartz, biotite,
muscovite, and opaque minerals. It is replaced along cleavage
cracks and grain boundaries by felty muscovite; the lack of
andalusite on the southwest shore of Second Pond may be due
to replacement by felty muscovite. Samples ••• from a prospect
pit on the southwestern side of the hill between Second Pond
and Stover Hill and from a prospect pit on the northwestern
side of Stover Hill contain cordierite up to 3 mm with inclusions of quartz, muscovite, biotite, and opaque minerals.
The biotifer.ous quartzites which are intercalated with
ribbony biotite schists at Second Pond do not crop out along
the western shore of Blue Hill Harbor. However, the l;eta
dacite ani/ meta-quartz latite tuffs without intercalated
ribbony biotite schists on Rockwood Point do contain up to
70 to 80% quartz. Between the eastern end of the outcrop belt
of the second quartzite and Highway 176, a thin layer of quartzite about 10 feet thick terminates (along strike) in the ribbony
biotite schist. The first quartzite contains up to 50% microcline (Table 7, 67/245), and Earl (1950) also reports arkosic
quartiites and feldspar-rich quartzites and schists in cores
east of the Douglas mine. A sample ••• just west of the Douglas
mine contains about 20%_microcline plus abundant cordierite,
No traceable units of lmetavolcanic~_/ occur between the White
Star mine and Second Pond, but one outcrop on the southern
side of the larger hill between Second Pond and Stover Hill
containsl;etavolcanic~/ with relict phenocrysts of microcline,
quartz, and oligoclase.
Thus, the evidence suggests that the a.rea north and east of
Second Pond is underlain by a lithologic transition from the
biotjferous quart~ites and ribbony biotite schists on the west
to lmetavolcanic~/ on the east. The interrelationships probably
are complicated by the granitic intrusion and faults and in any
case are largely covered by glacial drift,
Because of the obvious economic importance of the quartzite-bearing
stratigraphic interval, southeastern Brooksville north of the Sedgwick
granitic pluton was mapped in attempt to find the southwestern extention
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Table 7.

Estimated modes of metaquartzites wi~hin Ellsworth schist.
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Table 7 (continued)
67/245 First biotiferous quartzite, southwestern shore of Third Pond,
1/8 mile north of southern end ot pond, Blue Hill township (Jones, 1969).
67/312.A First biotiferous quartzite, eastern end of outcrop, northern
side of swale 400 yards north of Route 176, Blue Hill township
(Jones, 1969).
67/241. Second biotiferous quartzite, 50 yards north ot Highway i76, 75
yards southwest or southern end ot Third Pond (Jones, 1969).
67/309 Second biotiferous quartzite, eastern end of outcrop, southern
side of swale 150 yards north of Route 176, 500 yards west or intersection of Stover Hill Road and Route 176, Blue Hill township
(Jones, 1969).
67/507 Third biotiferous quartzite, 100 yards south of Route 176, 500
yards west ot Stover Hill Road, Blue Hill township (Jones, 1969).
67/510.A Third biotiferous quartzite, eastern end of outcrop, 40 yards
south of Highway 176, 250 yards southwest of intersection of Stover
Hill Road and Route 176, Blue Hill township (Jon~s, 1969).
67/453.A Fourth biotiferous quartzite, Mammoth mine, southwestern shore
of Second Pond, Blue Hill township (Jones, 1969).
67/494.A Fourth biotiferous quartzite, 100 yards east of northeastern
corner of Second Pond, 125 yards south of Route 176, Blue Hill township (Jones, 1969).
67/278.B Fourth biotiferous quartzite, 3/4 mile north of Seven ~tar
Hill, ~50 yards east of Stover Hill Road, Blue Hill township (Jones, 1969).
67/282 Biotiterous quartzite, 1375 N, 1300 E on Shepardson-Tapley grid
(Plate VI), Brooksville township.
68/1218 Biotiferous quartzite from Ellsworth-granitic zone at the western
corner of Parker Pond, Brooksville township.
68/1330 Biotiferous quartzite, 600 N, 1900 E on Shepardson-Tapley grid
(Plate VI), Brooksville township.
68/1339 Biotiferous quartzite, 175 S, 2400 E on Shepardson-Tapley grid
(Plate VI), Brooksville township.
68/1346 Biotiferous quartzite, 500 S, 2000 E on Shepardson-Tapley grid
(Plate VI), Brooksville township.
68/1676 Biotiferous quartzite, on southwestern ridge ot 260 foot hill
one mile northwest of Snake Pond, Brooksville township.
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of the Blue Hill quartzite belt.
graniti~

Quartzite was found in the Ellsworth-

zone at the western corner of Parker Pond (68/1218 of Table 7);

more quartzites crop out from the Shepardson-Tapley prospect (Plate VI)
to ~ mile no-rth of South Brooksville in an area that Smith and others
(1907) and Wingard (1961) assumed to be underlain by Castine rocks.
The quartzites in this area are fine grained and well foliated.
Some ot the quartzites west of the Brooksville greenschist on the Shepardson-Tapley grid, have enough biotiferous folia to 3uggest that the
quartzite may grade southwestward into ribbony biotite schist.

However,

outcrops are so scarce within the grid and in the area north of South
Brooksville that it is not known whether ribbony schists and metavolcanic
rocks are intercalated with the quartzites here as in Blue Hill.
Table 7 lists the mineralogy of the quartzites in the Brooksville
area.

Muscovite-free 68/1339 has the best developed sillimanite seen

during this investigation; the 4 mm radiating clusters of sillimanite
are visible megascopically.

The absence of potassium feldspar in this

sample indicates that the rock belongs in the hornblende hornfels facies
(Turner, 1968).
PENOBSCOT SLATE
Distribution.

Smith and others (1907) defined the Penobscot formation

as metamorphosed shaly sediments along the entire western shore ot Penobscot Bay,

Bastin (1908b) extended this definition to include all of the

pelitic rocks extending from Penobscot Bay to the eastern border of Knox
County and beyond,
(Cheney, 1967).

bu~

clearly several formations occur in that area

The term Penobscot is here tentatively restricted to

pyritiferous slaty rocks and their hornfelsed equivalents.
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Smith and others (1907) and Wingard (1961) mapped a large body of
Penobscot slate from Northern Bay to West Penobscot just northwest of
Plate III of this report.

The slate on the northern edge of Plate IB

is presumed to be the southern edge of this body.

Due to extensive

Quaternary-Recent undifferentiated deposits and lack of geologic mapping
in this area, the position of the southern contact of the slate is virtually unknown, but black pyritiferous slate was encountered in drill
holes at the Highland Prospect (John W. Hogan,· 1968, personal communication).
Wingard mapped pyritiferous black slate (herein considered Penobscot)
at Lords Cove northwest of West Brooksville.

Because this slate seemed

unlike that at West Penobscot, he suggested that it might be basal Castine.

However, with the exception of much coarser (up to 7 mm) pyrite

cubes and the near absence of thin arenaceous or felsic interbeds, the
slate at Lords Cove is similar to the Penobscot slates on the western
shore of Penobscot Bay at Cape Jellison (see Figure 1).

Core from a drill

hole 1/3 mile south of West Brooksville consists of 180 feet of distorted,
black, pyritiferous slate with abundant quartz veinlets, 246 feet of undistorted pyritiferous black slate, and several arenaceous units.

Pyrit-

iferous black slate fragments also occur in the cuttings of two water
wells

~

mile north and

~

mile west of West Brooksville.

Distorted black

slate was recovered from the basement of a house on the south side of
Route 175 about

t mile east of West Brooksville.

slate occur in the field

~

Minute pieces of black

mile southeast of West Brooksville.

Most of

the deep water wells around West Brooksville located outside the 100 foot
topographic contour are noted for their rusty, acidic water.
The 50 to 75 foot thick pyritiferous black slate on the Bagaduce
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River northwest of the Narrows probably is in a fault zone because
1) the slate contains tabular bodies of carbonate rocks, 2) the fragmental Castine rocks immediately to the west have an anamalous N 51° W strike,
and 3) the slate is on strike with the Bagaduce River to the south and
Castine-Ellsworth contact to the north which is inferred to be a fault.
Pyritiferous, spotted black slate crops out along Route 199 on the
southwest side of Perkins Hill at the northern edge of Plate I.

Except

for contact metamorphic features, the rocks are megascopically and microscopically rather similar to the black slate in the drill core south of
West Brooksville.

In thin section, they contain sericite and chlorite

pseudomorphic after 1 to 2 mm metacrysts that may have been cordierite
and sericite pseudomorphic after rectangular grains that may have been
andalusite (Wingard, 1961).

These differences m.ay be attributed to

contact metamorphism by the Bays-of-Maine gabbro-diorite or the South
Penobscot granite, which crop out on the eastern side of Perkins Hill.
'\

If the black slates at West Penobscot are equally well contact meta·morphosed by the Wallamatogous granitic pluton, Wingard's reluctance
to correlate this slate with the pyritiferous black slate at Lords Cove
may be understandable.
Reconnaissance mapping has verified Wingard's observation (1961)
that sulfide-rich slates occur near South Brooksville.
be Penobscot slate.

Pyritiferous black slate

~s

Both appear to

cut by the metadoler-

ite dike on the eastern shore of Orcutt Harbor on the .southern edge of
Plate IB.

Strongly magnetic pyrrhotite-bearing black hornfels crops

out along the northerri shore of Bucks Harbor at South Brooksville and.
appears to be overlain by hornfelsed Castine lithologies.
Gray to black slates also occur in the southwestern corner of the
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Brooksville area at Smith Cove, north of Orcutt Harbor, and on the
southern shore of Hatch Cove in Castine.

Because these slates do not

contain pyrite, which is so characteristic of the Penobscot formation,
they are herein assigned to the Castine formation.

Although no other

rocks crop out at Hatch Cove, typical Castine lithologies do overlie
the slate at Smith Cove.
Thickness.

The thickness of the Penobscot slate is unknown.

The body

of slate at West Brooksville is at least a mile long north-south and
2000 feet wide east-west.

Smith and others (1907) report that west of

Pierce Pond the outcrop belt of the slates is

l~

to 2 miles wide.

The angular unconformity between the slates and the overlying
.Castine rocks at Lords Cove has been somewhat modified by boudinage of
the basal Castine and readjustment of the slates alongside and between
the boudins.

The presence of cobbles of ribbony Ellsworth schist in

Castine conglomerates on the south side of the Narrows indicates that
the Castine unconformably overlies the Ellsworth as well as the Penobscot.
CASTINE

FOP~lATION

Distribution.

Smith and others (1907) geographically defined the Castine

formation as light colored lavas and pyroclastic rocks on the Castine
peninsula.

Wingard correctly identified as Ellsworth much of what Smith

and others called Castine in northwestern Brooksville and southwestern
Penobscot townships.

The present investigation has further restricted

the occurrence of the Castine formation north of South Brooksville.
Thickness.

Smith and others (1907) did not attempt to estimate the

thickness of the Castine formation, but Wingard (1961) stated that
15,000 feet would be a conservative estimate.

Inasmuch as the present
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investigation has revealed several folds involving the Castine formation,
15,000 feet may be a liberal estimate.

If an average dip of about 70°

is assumed, the thickness of the preserved portion of the Castine formation along the Narrows is no more than 2000 feet.

Because so many other

Castine lithologies occur elsewhere in the Brooksville and Castine areas,
the formation could be on the order of 5000 to 10,000 feet thick.
Lithologies.

Because of the lack of a type section, poor distribution

of outcrops, apparent structural complexity, and numerous repetitions
of lithologies, lithologies rather than mappable units are shown on
Plates I and IV.

Th2 prefix "meta" usually is omitted from these l i th-

ologies, primarily for the sake of simplicity but also to stress the
much lesser degree of metamorphism of the Castine compared with the
Ellsworth.
~glomerates

and conglomerates.

All units with clasts larger than pebble

size are shown in a different color on Plates I and IV than fragmental
units containing clasts of pebble size or less; the latter will simply
·be cal led "fragmentals."

Conglomerates, agglomerates and al 1 fragmental

rocks break across the clasts, and most are noticeably foliated and have
chloritic or biotitic matrices.

Units containing essentially monolith-

ologic felsitic or tuffaceous clasts are called agglomerates.

Some of

these rocks may have been volcanic mudflows rather than agglomerates.
Conglomerates are here defined as units containing clasts with two or
more lithologies, fragments of ribbony Ellsworth schist, or rounded
quartz cobbles.
somewhat rounded,

In general, the clasts within the conglomerates are
wher~as

those in

agglomera~g

are angular.

Some of the

angularity and imbrication of tuffaceous clasts may be due to stretching
along foliation planes.
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Agglomerates (or volcanic mudflows) containing cobble size fragments
are probably diagnostic of the Castine.

Well known localities near the

brooksville area are Goose Falls at the Harborside Mine (Smith and others,
1907; Levin and Sanford, 1948) and the Punchbowl on Eggemoggin Reach
(Wingard, 1961).

Individual outcrops occur along and near Route 166 in

Castine township (Plate IV).

Isolated outcrops occur southeastward from

Smith Cove to South Brooksville.

Conglomerates are present and agglom-

erates absent on the peninsula north of West Brooksville and along Route
199 in Penobscot.
The conglomerates south of the Narrows of the Bagaduce River do not
recur in the narrower band of contact metamorphosed Castine rocks north
.of the Narrows.

Conglomerates do crop out in southeasternmost Penobscot

township (Plate IA) and ~n the dry moat around Fort George in Castine
(Plate IV).

The preservation of one thin, stretched metaconglomerate

north of the Narrows and of agglomerates in the southern contact aureole
of the Sedgwick granitic pluton indicate that contact metamorphism of
the Castine did not obliterate previously existing conglomerates and
coarse agglomerates.
The conglomerates along the southwestern shore of the Narrows are
especially important because they contain several rock types, including
ribbony Ellsworth schist (see Cheney, 1968, Figure 9) and coarsely
porphyritic Ellsworth metavolcanic rocks like 67/967 of Table 6.

The

rocks are, therefore, remarkable in two ways: 1) they are the only
incontrovertable evidence that the Ellsworth schist is older than the
Castine, that is the Castine is not merely the low grade equivalent of
the Ellsworth.

A corolary of this is that the rather similar ore deposits

of the Black Hawk and Harborside mines either formed at two separate times
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or in Castine or later time.

2) The conglomerate that contains the best

and largest Ellsworth-like fragments is less than 200 stratigraphic feet
above the Castine-Ellsworth contact.

Thus, the section along the Narrows

is the basal portion of the Castine and a likely candidate for inclusion
in any composite type section of the Castine that may eventually be chosen.
Fraemental rocks.

Fragmental rocks are all rocks containing clasts ~f

less than cobble size.

Usually the clasts are granule size or less.

This

admittedly catch-all grouping probably includes agglomerates, fine-grained
volcanic mudflows, lapilli and sperulitic tuffs, graywackes, and subordinate amounts of various fine-grained, non-porphyritic andesitic rocks.
The various rock types cannot be easily distinguished in the field and
do not seem to contain any particularly distinctive units.
Outside the hornfels zone, the metavolcanic and metasedimentary
rocks have two distinctive features,

They are green and the clasts (or

phenocrysts) are resistant to weathering, giving the rocks a gritty
appearance; because the rocks break across the clasts, the clasts are
more noticeable on weathered surfaces,

The hornfelsed area north of the

Narrows is probably comprised predominantly tuffaceous rocks (see Table 8).
Smith and others (1907) and Wingard (1961) describe various massive,
gray to green andesites on the Cape Rosier and Castine peninsulas.
rocks occur in the Harborside mine,
out in the areas of Plates I and IV.

Similar

These rocks, if present, seldom crop
One crops out along the east bank of

the Bagaduce River south of the Castine-Penobscot town line (67/655 of
Table 8).
Greenstones.

Greenstones, although intercalated with Castine lithologies

on the Cape Rosier peninsula are a monor lithology in the Brooksville area
and are restricted to the northeastern corner of Smith Cove.

In thin
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Table 8.

Estimated modes of Castine Rocks.
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67/500

Hornfelsed, porphyritic, tuffaceous dacite,
Mountain, Brooksville township.

~mile

north of Perkins

67/766

Hornfelsed, porphyritic, spherulitic (?) dacite, 1/6 mile southeast
of Route 199 and 3/4 mile northeast of Castine-Penobscot town line,
Penobscot township.

67/717

Cordierite-biotite hornfels, 1/6 mile west of Hercules prospect on
north side of the Narrows, Pen6bscot township.

67/608

Graywacke sandstone, west side of Bagaduce River 1/10 mile southwest
of Castine-Penobscot town line, Castine township.

67/655

Medium grained metadiorite, on peninsula 1/6 mile northwest of west
end of the Narrows, Penobscot township.

67/885

Altered greenstone, 1/5 mile southeast of southern Henry Island,
Smith Cove, Brooksville township.

Sericitized cordierite hornfels, ~ mil~ north of South Brooksville,
Brooksville township.

68/1649

L
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section, the westernmost greenstone from Smith Cove (67/885 of Table 8)
has an extremely fine-grained, felty matrix of epidote, chlorite, and
calcite containing 0,5 by 0.2 mm elliptical structures (originally olivine)
surrounded by opaques and filled with chlorite which is rimmed and replaced
by biotite.

The ground mass also contains 0.75 mm long laths of calcite

(pseudomorphic after plagioclase?)

The calcium of the calcite may have

been derived from the anorthite content of the plagioclase,
Massive metavolcanic rocks.

Massive, leucocratic, aphanitic metavolcanic

.units within the Castine formation are texturally and compositionally
similar to the metavolcanic rocks previously described within the Ellsworth
schist.

These similar rock types are collectively herein referred to as

·felsites,
Castine felsites are gray on fresh surfaces, but are characteristically
frosty weathering.

They are massive, the general absence of any megascopic

foliation being in marked contrast to adjacent ribbony Ellsworth schists
and Castine metasedimentary and metatuffaceous rocks.

The felsites have a

semi-concoidal fracture and are hackly weathering.
The Castine felsites are most abundant on the Cape Rosier peninsula
(see Figure 1) and east of Smith Cove in Brooksville.
to be abundant in Castine township near Negro Islands.

They also appear
Conversely, felsites

are a minor lithology on both sides of the Narrows.
Table 9 lists the mineralogy of the Castine felsites.
crysts in these rocks are 0.4 to 1.5 mm in diameter.

The few pheno-

The groundmasses are

too fine grained to identify microscopically except where they have been
coarsened by contact metamorphism.

Staining by sodium cobaltinitrite of

67/385, 67/414, and 67/639 did not reveal any·potassium feldspar in the
groundmass, whereas staining did indicate potassium feldspar in the ground. I
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masses of Ellsworth felsites 67/563 and 67/967 of Table 6.

Staining

showed that even the tuffaceous Castine rocks (67/500 and 67/762) are
devoid of potassium feldspar.
Castine and Ellswo"rth felsites are difficult to distinguish in the
field.

Field observations and a comparison of Tables 6 and 9 indicate

the following criteria may be used to distinguish the two:
1) The Ellsworth felsites are abundantly and coarsely porphyritic.
The di.ameter of the Castine phenocrysts does not exceed 1.5 mm; whereas,
the Ellsworth felsites have at least some phenocrysts larger than 3 mm.
2) Although both groups of felsites tend to be dacitic, the Ellsworth
felsites because they have microcline or orthoclase phenocrysts and groundmasses, as well as more abundant quartz phenocrysts, have quartz-latite
affinities.
3) The Castine
ier weathering.

felsite~

including those od Blue Hill Neck, are frost-

This phenomenon may be due to their finer grain size or

greater plagioclase content.
4) The Ellsworth felsites usually are somewhat foliated; their
Castine counterparts are massive and more hackly weathering.

The banding

shown in Figure 8 of Cheney (1968) presumably is flow banding and probably
is restricted to the less deformed Castine felsites.
5) Castine felsites on Cape Rosier and east of Smith Cove seem to
have more

equidimen~ional

Ellsworth schist.
str~ctural

Gray slate,

map patterns than many of the felsites in the

Of course, these dimensions could be accidents of

position or dip.
Gray, sulfide-defficient slate seems to be characteristic of

the Castine formation.

Gray slate

c~ops

out on the southern side of the

peninsula on the eastern shore of Smith Cove, but on the island to the
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Table 9.

estimated modes of Castine felsic metavolcanic rocks.
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Table 9 (continued)
67/320 Hornfelsed metadacite, 150 N, 800 E on Jones prospect grid,
Brooksville township.
67/385 Metadacite, west side of road 3/8 mile north of West Brooksville
east of northern Negro Island, Brooksville township.
67/414 Metadacite, northwestern side of southern Henry Island, Smith
Cove, Brooksville township.
67/639 Metadacite at Emerson-Castine prospect on northwestern shore of
Bagaduce River north of northern Negro Island, Castine, township.
68/1230 Sericite and chlorite filled, brecciated, slightly hornfelsed
metadacite, 75 feet west of Route 176 east of Sheep Island, Brooksville township.
68/1377 Slightly hornfelsed metadacite, west side of Route 176, 200
feet northeast of 68/1239, Brooksville township.
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south and ~he cove to the north, the rock is more massive, presumably
having been hornfelsed by the adjacent metagabbro dike.

Gray slates crop

out along the southeastern shore of Hatch Cove in Castine.

Smith and

others describe similar rocks on Hospital Island at the mouth of Smith
Cove.
The gray slaty and phyllitic rocks on either side of the metagabbro
dike north of Orcutt Harbor are

~

mile west of and on strike with reddish

brown hornfels with gray porphroblasts.

These· hornfelses are similar to

68/1649 of Table 8, a biotiferous hornfels with cordierite porphyroblasts
altered to sericite.

68/1649 seems to be part of a larger belt of hornfels

surrounding South Brooksville.

These relationships suggest that the gray

slates pass into reddish brown, cordierite hornfelses, and that all of
these rocks may be a single stratigraphic unit.
The thickness of the gray slate is difficult to determine.
0

Assuming

.

an average dip of 30 , cleavage to be parallel to bedding, and no repetition
of units, the black slate on the peninsula in Smith Cove is about 250 feet
thick, but the southeastern contact is an intrusive one.

The cordierite

hornfels at South Brooksville has an outcrop width of 3/4 of a mile, but
the dip of this unit is unknown.
One fragment of what appeared to be a trilobite was found on the
southern shore of the peninsula in Smith Cove.

Positive identification

and dating proved to be impossible (R.G. Doyle, Maine Geological Survey,
1969, personal communication.)

This discovery in low grade metamorphic

rocks is significant because the nearest other locality is 17 miles to
the south at Ames Knob in North Haven (Smith and others, 1907); Ames Knob
is now thought to contain Early Devonian fossils (R.G. Doyle, 1967, personal
communication).
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Hornfels.

In addition to the hornfels just described, the Castine formation

has been hornfelsed from north of the Narrows, southward to West Brooksville.
These rocks were probably fine giained fragmental and tuffaceous rocks

(611766, and 67/717 of Table 8).

Very coarse-grained blue cordierite often

exceeding one centimeter in diameter is the most striking feature of some
of the hornfelses.

Cordierite is best developed on the north side of the

Narrows where it forms large popcorn-like knobs in massive hornfels.

The

southern limit of megascopic cordierite seems to be the south bank or the
Narrows, but outcrops south of the Narrows (including Plate V) are poor.
Inland, the hornfelses are buff weathering but along the Narrows they
tend to somewhat more gray.

Like the felsites, the hornfelses are massive

and poorly foliated, but jointing is more closely spaced in the felsites.
The chief distinguishing feature of the hornfelses is that fresh surfaces
are brown (due to microscopic biotite) or purple and brown (due to fine
grained cordierite and biotite).
Facies changes and key beds.
ious for rapid facies changes.

Pyroclastic and associated rocks are notorDetailed mapping is necessary to prove

that such changes are real rather than an implicit admission that the
stratigraphy of an area is imperfectly understood.

The stratigraphy of

the Castine is poorly understood, but detailed mapping south of the Narrows
(Plate V) shows an inverse relationship between the outcrop width of a
lapilli tuff and a Castine felsite.

Presumably many other facies changes

occur elsewhere within the Castine.
If any key beds exist within this volcanic pile, presumably they are
the basal conglomerate, which contains fragments of Ellsworth ribbony
schist and porphyritic metavolcanic rock, and the gray slate,
rocks should be carefully noted wherev:e·p
exploration drilling.

If so, these

they are encountered during
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The apparent absence of these probable key beds in various parts of
the Brooksville and Castine areas (Plates I and IV) together with other
differences, suggest a tripartite geographic division of the formation as
shown in Table 10.

It is interesting to note that gray slate occurs in

both the Smith Cove and Castine areas.

Because conglomerate overlies the

Ellsworth at the Narrows and at Fort George in Castine, it is tempting to
speculate that the gray slate is somewhere in the middle of the Castine.
If so 1 the relief on the pre-Castine erosion surface must have been
considerable for conglomerate to have been deposited upon the Ellsworth
at the Narrows and Fort George but gray shale and felsite upon it at South
Brooksville.

Alternatively, the contact at South Brooksville could be a

fault for which no other evidence currently exists.

Because the green

ribbony Ellsworth schist on Northern Negro island appears quite sheared,
the contact between it and the Castine felsite probably is a fault.

..

.

5~.

BROOKSVILLE GREENSCHIST
Distribution.

The herein named Brooksville greenschist is the one rock type

that can be mapped almost the full length of western Brooksville.

The

rock, is pale green weathering, but is black and aphanitic on fresh surfaces.
The foliation is difficult to recognize megascopically on fresh surfaces
and is best observed on slightly weathered surfaces beneath moss.

On

weathered surfaces and in thin sections, the greenschist is as well foliated
as the Ellsworth.
North of the Narrows and south of West Brooksville, the greenschist
cuts across several rock types within the Ellsworth.

South of the Narrows

(Plate V) to West Brooksville (Plate IB) the greenschist cuts Castine rocks,
and at West Brooksville, it is in contact with Penobscot slate.
The main shaft on the Highland prospect in southeastern Penobscot
township in the northwestern corner of Plate IA is in pyritiferous green
schist,

The rubble surrounding a shaft 300 feet to the south is massive

green rock with 4 mm radial clusters of an undetermined amphibole.

Neither

of these rocks have been examined in thin section, but as no other greenschists with amphiboles occur in the district, it seems probable that
these green rocks are the northwestern extention of the Brooksville greenschist truncated by a fault a mile to the southeast.

Because J.W. Hogan

(1968, personal communication) reports that drill core at the Highland
consisted primarily of sulfide-rich black

slat~,

the Brooksville greenschist

probably cuts the Penobscot slate at this prospect.
Although the above evidence clearly indicates that the Brooksville
greenschist was formerly a dike, intrusive relationships generally are
not obvious in outcrops.
the country rocks

w~re

Contact metamorphism is not noticeable; either

not very reactive, or, which is more likely, the

regional metamorphism that converted the mafic dike. into greenschist,
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contact metamorphism associated with the nearby mafic rocks and granitic
plutons, or movements along contacts during folding obliterated all
evidence of contact metamorphic features along the former mafic dike.
At 500 S, 1500 W on the Jones grid south of the Narrows, the western
contact of altered amphibolite does have an inclusion (xenolith?) of
Castine conglomerate.
The Brooksville greenschist is particularly important for two
reasons.

Because it is the only rock that can be triced almost the

entire length of the Brooksville area, it is the best unit to use to
determine the structure of the area.

Secondly, most of the prospects in

the area are along the contacts or within the greenschist and its altered
equivalents.
Thickness.

The variable dips and strikes of the foliation within the

greenschist in the southwestern part of Plate V indicate considerable intraformational folding within an outcrop width of 700 feet,

In the northwestern

part of Plate V, tectonic thinning has reduced the outcrop width to 30 feet.
The greatest outcrop width is nearly 800 feet at the Tapley Prospect
(Plate VI).
In most traverses across the greenschist, no other rock types are
seen.

However, 3/8 mile south of Mills Point and at the northern end of

the outcrop be 1 t which ends on the northern shore of the Narrows, septa
of ribbony biotite schist occur within the

gre~nschist.

The U.S. Bureau

of Mines 1 drill holes at the Tapley prospect are collared in contact metamorphosed greenschist (anthophyllite-cordierite granofels); the country
rock is rnetaquartzite.

The logs of these holes in Earl (1950a) are poor,

but if "andesite" is translated to read anthophyllite-cordierite and
"silicified rock" is· changed to quartzite, septa of quartzite apparently
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occur with the contact metamorphosed greenschist.

Both kinds of septa

could be xenoliths or fault slices, but in ariy event, they indicate that
the greenschist may not be as homogeneous as it appears on the surface.
Lithologv.

Table 11 lists the mineralogical composition of the Brooksville

greenschist.

Samples 67/324 and 67/1000 are characteristic of unaltered

greenschist.

67/324 has highly pleochroic ferro-actinolite that is fairly

well foliated and attains a maximum size of 0.4 by 0.2 nun in folia about

0.5 mm thick.

The felsic folia are somewhat thinner.

Microscopically

this rock has two pronounced foliations; the second foliation' has smaller
actinolite and is predominatly composed of felsic material cutting the
original foliation at a high angle.

67/1000 contains actinolite up to

0.7 by 0.7 mm that is whispier and not quite as well foliated as 67/324~
Because the felsic folia have abundant poorly oriented 0.05 by 0,005 mm
needles of ferroactinolite, this rock is not as well foliated as 67/324.
Because a large body of diorite is less than

%mile

away, the lesser

degree of foliation in 67/1000 could represent incipient contact metamorphism.
The greenschist is modified or altered in several ways.

On Mills

Point, near the western contact of the greenschist on the northern shore
of the Narrows, and at 100 S, 850 W on the Jones grid (Plate V) on the
south side of the Narrows, the greenschist has abundant, severely folded
felsic folia several millimeters to 30

centim~ters

wide.

Because the map

pattern suggests that the greenschist has been severely folded at these
localities, the felsic folia are inferred to be due to metamorphic differentiation in or near the noses of folds.
The various types ot hydrothermal alteration of the greenschist are
described later in Conjunction with the sulfide deposits of the area.
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The alteration of greenschist to an anthophyllite-cordierite granofels
at the Shepardson-Tapley project is also described when this prospect
is evaluated later.
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Table 11.

Estimated modes of Brooksville greenschist.
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Table 11 (continued)

67/324

Ferroactinolitic greenschist, 100 N, 200 Eon Jones grid (Plate V~

~rooksville township.

67/1000 Actinolitic greenschist 1 1/8 mile east of the mouth of Shepardson
Brook, Brooksville township.
67/345 Hydrothermally altered (pyritizied) greenschist, 000 N, 100 N on
Jones grid, Brooksville township.
67/370 Hydrothermally altered (pyritized) greenschist at village ot West
Brooksville, Brooksville township.
67/1130 Contact metamorphosed (anthophyllite-cordierite) and pyritized
greenschist, 1375 N, 900 W at Shepardson shaft ~n the ShepardsonTapley grid (Plate VI~ Brooksville township.
67/1172 Contact metamorphosed (anthophyllite-cordierite) and pyritized
greenschist 600 N, 050 Eon Shepardson-Tapley grid (Plate VI),
Brooksville township.
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MAFIC IGNEOUS ROCKS

METAGABBROIC DIKES
Distribution.

Metagabbroic dikes are restricted to a

1~

mile wide,

northerly trending belt from Orcutt Harbor near South Brooksville to the
north shore of the Narrows.

Most of the dikes, especially the largest

one at Smith Cove (approximately 1700 feet maximum width,
are coarse grained.

2~

miles long),

The dike on the west side of the West Brooksville

peninsula is doleritic.

The thin dikes on the western bank of the Baga-

duce River in northeastern Castine and several dikes and sills too small
to map on the northern shore of the Narrows are basaltic.

Some dikes

have basaltic or doleritic border zones.
Lithology.

Color indices of the coarser dikes are about 60%.

The major

mafic mineral is megascopically dark green actinolite (Table 12).

The

darker color, generally coarser grain size, and lack of foliation distinguish the dikes from the

previous~y

described metamorphic rocks.

Meta-

'gabbros commonly are seamed by more resistant weathering, healed fractures.
The equant dark green actinolites are resistant to weathering,
giving weathered outcrops a rasp-like appearance; in medium grained
weathered surfaces look mossy.
commonly are bent.

rocl~s

Actinolites in coarse grained rocks

Although the least weathered outcrops at Smith Cove

look relatively fresh, clots of epidote and

th~

sucrose texture of the

white minerals betray the saussuritazation seen· in thin section.
In thin section, the large actinolites are somewhat whispy and
shredded; fine grained, randomly oriented actinolite is ubiquitous.
The plagioclases are variably saussuritized but have albite twinning.
Unlike the diorites ·described below, quartz is not an original mineral,
and if it does occur, is restricted to the submicroscopic groundmass.
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>

Textures are generally subophitic.
The map pattern indicates that the Orcutt Harbor-Smith Cove and West
Brooksville peninsula bodies are discordant.

However, only three contacts

with the country rocks are well exposed: opposite the easternmost island
in Smith Cove ( N 10°W, S0°E intruding Castine agglomerate), the east
side of Perkins Mountain (N 10°W, 88°E against fine grained Castine),
and on the shore of the Bagaduce River north of Lords Cove (N 58°E, vertical, cutting green ribbony Ellsworth schist).

All of these contacts

are discordant, but the map pattern suggests that the intrusions
eastern Castine could be sills.

i~

north-

The Castine rocks on either side of the

Perkins Mountain dike are hornfelsed, and at Smith Cove, the agglomerates
.have been hornfelsed and bleached within a few feet of the contact.

Out-

crop-sized xenoliths of fine grained Castine.rocks occur within the metadolerite in the northeastern corner of the Jones grid (Plate V).
Age.

Plates IA and IB show that most of the dikes were emplaced in the

Castine formation.

The map pattern of Plate VI and the drill core logs

in Earl (1950a) indicate that metabasalt intrudes the Brooksville schist
at the Tapley prospect.

One mile south of the Tapley prospect, a granitic

dike of the Sedgwick pluton truncates a metagabbro dike.

The petrography

of the metagabbroic dikes further suggests that they have been contact
metamorphosed by the Sedgwick granitic pluton.
Emplacement of dikes.

Several northeasterly and northerly striking

faults offset the Ellsworth, Castine, and Brooksville rocks in western
Brooksville.

The metagabbroic dikes seem to parallel or occupy these

fault zones.

Immediately west of Tapley Cove, the eastern margin of the

metagabbroic dike is particularly well foliated megascopically and
microscopically, suggesting that the South Bay fault may have been
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active after emplacement of the gabbro.
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GABBRO-DIORITE
Distribution.

Gabbros and diorites crop out in an annular elliptical

pattern approximately 1 to
Blue Hill, and Sedgwick

1~

miles wide in Brooksville, Penobscot,

townships concentric about Gray Ridge in south-

western Penobscot township.

The portion in Blue Hill township was mapped

by Smith and others (1907).

Much of the western portion appears to

underlie the Bagaduce River, the straits south of Northern Bay, and
Northern Bay, and is, therefore, largely inaccesible.

This and the

east-west segment near the Brooksville-Sedgwick townline east of North
Brooksville were intruded by numerous granitic dikes and are, therefore,
mapped as a "'grano-mafite" zone on Plates l and III.

J.D. Oliphant is

currently completing a study of the gabbros and diorites of the northwestern portion within the area Plate III; her.work is sufficiently
complete to be presented as Plate III, but detailed petrographic descriptions must await completion of her final report (Oliphant, 1969).
Bays-of-Maine complex.
the much

large~

apparently stratiform, gabbroic-dioritic-granophyric

Bays-of-Maine complex.
(Amos, 1963).

Chapman (1962) included this elliptical body in

The complex is post-Silurian to pre-Upper Devonian

Inferred segments of the complex extend from Penobscot

Bay 175 miles northeastward into New Brunswick, forming a discontinuous
belt up to 25 miles wide (Chapman, 1962, Amos, 1963, Karner, 1968), and
Chapman (1968) speculates that the complex may extend another 300 miles
southwestward into Connecticut.

Estimated minimum thicknesses of the

complex vary from 4000 to 15,000 feet (Chapman, 1962).

Rhythmic and

cryptic layering and igneous lamination are extensive (Chapman, 1962)
especiall~,r

in gabbros and norites (Amos, 1963).

According to Chapman

(1968a) the complex has a radiometric age of 404 million years.
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Lithology.

Table 12 lists the minerals in the diorites.

Coarse-grained

poikolitic hornblendes include fine to medium-grained plagioclase.

Some

hornblendes surround deeply corroded clinopyroxene and hypersthene.
hypersthene has thin exsolution lamellae of clinopyroxene.

The

The rims of

some hornblendes are altered to the pleochroic green commonly seen in
actinolites of the metagabbroic dikes.

Presumably this is incipient

contact metamorphism caused by the younger granitic plutons.
Because most of the outcrops in Brooksville are inland, any layering
in

th~

Brooksville diorites is difficult to distinguish.

Faint layering

does occur in the diorites in a road cut on the southern side ot Route
176 about \ mile west of the end of Stover Cove;

medi~m

grained diorite

(67/193 of Table 12) is overlain by a finer grained diorite,

J.D. Oliphant

(1969) will describe the layering and cumulus textures which are characteristic ot the gabbroic rocks on Johnson Point and elsewhere in the
Penobscot area.
Contacts and subsurface extension of the mafic complex.

Chapman (1962)

and Amos (1963) state that unlayered diorites overlie the layered gabbros
and norites of the Bays-of-Maine complex.

Although all contacts are

covered, the map pattern indicates that the contacts ot the diorite in
Brooksville are sinuous.

The sinuous contacts and the synform in the

foliatiori of the Ellsworth schist almost surrounded by diorite between
Route 176 and South Bay are suggestive of a nearly horizontal upper
contact.
According to Chapman (1962), the Bays-of-Maine complex was injected
beneath the middle to upper Silurian rocks including the Castine formation,
and diabasic to doleritic dikes exteQded upward into the roof rocks.

In

the Brooksville and Penobscot areas, the main gabbro-diorite body is
restricted to the Ellsworth and Penobscot formations.

Because mafic rocks
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GRANITIC ROCKS
GENERAL
Composite, biotite-bearin& but generally leucocratic granitic plutons
intrude or metamorphose the previously described metamorphic rocks and
diorites.

The nearly elliptical Sedgwick granitic pluton, which underlies

southeastern Brooksville, Sedgwick, and south central Blue Hill townships,
has a northeasterly trending major axis of about 9 miles.

The pearly

contiguous South Penobscot granitic pluton, which underlies southeastern
Penobscot and portions of the surrounding towqships, also is nearly
elliptical, the northerly axis being 7 miles long and east-west axis 5
miles.
Rocks in both plutons are megascopically fresh.

The various phases.

of the two plutons are mineralogically (Table 13 and 15) and petrographical ly similar.

All contain porphyritic perthitic microcline,

Although

sericitization has partially obliterated the oligoclase, concentric
normal zoning (ranging from An 25 to An 9 ), patchy zoning, synneusis, sodic
and mymekitic rims, and albite and Carlsbad twinning are present.
has undulatory extinction and slightly sutured edges.

Quartz

In all samples,

at least some of the biotite has been replaced by chlorite.
Except for the Wallamatogus granitic pluton (J 271 of Table 15),
primary muscovite is fine grained and does not occur in more than trace
amounts,

Virtually no schlieren or xenoliths occur in the interiors of

the plutons.
Because only the southern tip of the East Blue Hill pluton was
mapped during this investigation (Jones, 1969), it cannot be compared
with the Sedgwick and South Penobscot plutons.

Only a portion of the

southern margin of the Wallamatogous granitic pluton was mapped by J.D.
Oliphant in 1968.

This two mica pluton definitely is dissimilar to the South
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Penobscot and Sedgwick plutons.
BORDER BRECCIA ZONES
General.

The margins of the Sedgwick and South Penobscot granitic

plutons have three different types of igneous breccias:· an Ellsworthgranitic zone, a grano-mafite zone where the granitic plutons intrude
the mafic Bays-of-Maine igneous complex, and an Ellsworth-grano-mafite
zone.

Similar border zones occur at various

p~aces

around the East

Blue Hill granitic pluton (Smith and others, 1907), the Tunk Lake pluton
(Karner, 1968) about 32 miles to the northeast, the Cadillac Mountain
pluton (Chapman, 1968b) about 20 miles to the east, and seem to be
characteristic of most of the granitic plutons in southeastern Maine
(Chapman, 1968b).
Ellsworth-granitic zone.

Ellsworth-granitic zones occur on the western

and southern sides of the South Penobscot pluton and along the western
and northern margins of the Sedgwick pluton.

Good examples of the zone

around the Sedgwick granitic pluton can be seen at the Black Hawk mine
in Blue Hill (MBJ 67/365 of Table 14; Jones, 1969, Figure 6), Grays
Corner in Sedgwick, and at Parker Pond (68/1215 of Table 14) in Brooksville.
The border zone around the South Penobscot is well exposed on Tills Point
(Cheney, 1968, Figure 7) and southwestern Youngs Island.

The entire zone

(grading from igneous rocks with few inclusions, through outcrops with
equal areas of dikes and fragments, to Ellsworth

terra~e

dikes) is rarely more than a quarter of a mile wide.

containing a few

Even the thin dikes

and sills encountered during the drilling of the Black Hawk ore zones
(Earl, 1950b; Young 1962) are within a quarter of a mile of the Sedgwick
contact.
No inclusions occur along the northeastern (Jones, 1969) or south-
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eastern (D.B. Stewart, 1968, personal communication) margines of the
Sedgwick pluton.

According to Stewart and to Smith and others (1907),

no Castine inclusions occur on the southern side of pluton along Eggemoggin Reach, but a few dikes do extend outward from the pluton,

The

eastern margin of the South Penobscot pluton has not been mapped in
sufficient detail to know whether an Ellsworth-granitic zone exists,
Because virtually no inclusions of country rock have been seen
within the practically unmapped interior of the Sedgwick pluton or the
poorly exposed South Penobscot pluton, igneous breccia zones are diagnostic of the borders of the plutons.

The only inclusion discovered so
Ellswor~h

far within the Sedgwick pluton is a large outcrop of

schist

on the northern shore of Snake Pond about 3/4 mile east of the western
contact of the pluton with the Castine formation at South Brooksville.
Because the outcrop is 300 feet long, it probably is not an erratic.
This large inclusion is also the southernmost known outcrop ot Ellsworth
schist in the Blue Hill-Castine district,
Except at Parker Pond, the granitic rocks of the border zones are
usually somewhat finer grained than the rocks within the interior of the
respective pluton.

Wherever subequal to major proportions of granitic

rock occur, the variable foliation of the Ellsworth fragments indicate
that they were rotated within the magma.

The Ellsworth fragments have

been converted to granofels or biotite gneisses containing megascopic
epidote, garnet, or diopside (68/1631 of Table 5).

With the exception

of a few outcrops on Tills Point (Cheney, 1968, figure 3) .and the
western end of southwestern Youngs Island, the characteristic ribbony or
woody texture of the schist is genera.Hy obliterated,
The quartz monzonite at Youngs Island currently being studied by
J.D. Oliphant is more mafic than the rest of the South Penobscot pluton.
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The quartz monzonite at Youngs Island contains ferrohastingsitic
hornblende, which also is sparsely present in the discontinuous fine
to medium grained outer facies of the South Penobscot and Sedgwick
granitic plutons.

At Parker Pond, the granitic rock of the border

zone contains almandine (68/1215 of Table 14).

The fine to medium

grained quartz monzonites in the outer part of the Sedgwick pluton in
Blue Hill contain almandine but no Ellsworth inclusions (Jones, 1969).
Grano-mafite zone.

The South Penobscot and Sedgwick plutons intrude

the gabbro-diorite body from Northern Bay to South Bay and eastward
to Bear Head and Grays Corner.

Most of this zone is under water.

Smith and others and Wingard assigned parts of this zone to the main
diorite body or to one of the two granites; as a result their maps
differ considerably in these areas,
The scale used in the current report permitted mapping of a granomafite zone largely coincident with the zone of disagreement between
the two earlier investigations.

The zone attains a maximum width of

2/3 of a mile east of North Brooksville.

Included in this zone are

diorites cut by granitic and intermediate dikes (Cheney, 1968, Figure 10),
granitic rocks containing only a few dioritic xenoliths, local finegrained varieties of the South Penobscot granite, rare pods of coarse
hornblendite, and various medium-grained, intermediate rocks (most of
which contain quartz and acicular hornblende).
Smith and others and Wingard recognized rock types intermediate
between diorite and granite in th{s zone.

The one example examined in

the present study is a fine grained hornblende quartz diorite cut by a
1-3 nun veinlet of prehnite.
Smith and others thought that these intermediate rocks indicated
that the granitic rocks differentiated from the diorites.

Despite the
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obvious thermodynamic problems, Wingard suggested that the intermediate
rocks were caused by granitic assimilation of the mafic rocks.

The sharp

contacts of dikes of porphyritic South Penobscot quartz m0nzonite against
the diorites, the lack of lateral continuity and variety of intermediate
rock types, and the presence of a structurally equivalent Ellsworthgranitic zones, suggest that the granites were intruded along the top of
the Bays-of-Maine complex where the most felsic dioritic rocks of the
complex happened to be.
Ellsworth-grano-mafi te zone.

'·Wherever the granitic rocks intruded a

former mafic rock-Ellsworth zone, a mixed Ellsworth-grano-mafite zone
resulted.

Small areas of this rock-type are on the western half of south-

western Youngs Island and along the western shore of the strait leading
to Northern Bay between Sparks and Battle islands.

Areas too small to

map occur in the grano-mafite zone on the southern shore of the Bagaduce
River northeast ot Bear Head.
SEDGWICK GRANITIC PLUTON
·General.

The Sedgwick pluton has been mapped in detail in southern Blue

Hill township (Jones, 1969) and between North Brooksville and South
Brooksville.

Three phases have been recognized in each area.

the six phases are leucocratic.

Five of

Because the incervening area in the pluton

has not been mapped, correlation, if any, between the phases of each area
is premature.

Table 13 lists the major rock types and Table 14 the minor

rock types of this pluton.

Descriptions of the phases in Blue Hill are

from Jones (1969).
Garnetiferous, porphyritic, fine grained quartz monzonite: The
garnetiferous, porphyritic, fine grai~ed quart~ monzonite crops
out as a wedge shape southeast of First Pond and locally in a
roadcut along Highway 172 as the outer few feet of the pluton in
contact with the Ellsworth schist. This rock contains phenocrysts
of quartz, perthitic microcline, and sodic oligoclase up to several
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millimeters in their maximum dimension in a 0.1 to 0.2 mm matrix
of quartz, oligoclase, and some microcline (Table 13, MJB 67/540).
Because the garnet is megascopically red, is pale pink in
thin section, and has an index of refraction greater than 1.800,
it is probably almandine. Garnets from granitic rocks are
predominantly almandine ••• and may form from argillaceous contaminations or as primary minerals (Deer and others, 1962, p. 89).
The subhedral garnet forms less than one percent of the rock,
ranges up to 1.5 mm, is primarily associated with brown biotite,
and contains inclusions of quartz, muscovite, and biotite. Lack
of a metamorphic fabric within the pluton and lack of schlieren
o~ xenoliths associated with the garnet suggest the garnet is
primary.
Most of the muscovite occurs as fine grained inclusions within
microcline and may be an alteration product of microcline. Mirginally poikilitic microcline phenocrysts indicate very late stage
growth of the microcline margins. The last magma to crystallize
was, therefore, relatively rich in potassium.
Garnetiferous, medium grained quartz monzonite: The garnetiferous,
medium grained quartz monzonite forms the eastern portion of the
northeastern corner of the Sedgwick pluton. It is best exposed
in roadcuts along Highway 172 and in the hills east of First Pond.
The major minerals (Table 13, MBJ 67/582) form non-porphyritic
grains 1 to 4 mm in diameter. The quartz is anhedral to subhedral.
The feldspar is subhe<lral; the microcline is perthitic. The
garnet is similar to that in the porphyritic, fine grained quartz
monzonite and is probably almandine. The grains are subhedral,
up to 1 mm in diameter, and associated with brown biotite grains.
The biotite-garnet association in the quartz monzonites may be
due to synneusis effects.
Porphyritic medium grained granite: The porphyritic medium grained
granite comprises the western portion of the northeastern part of
the Sedgwick pluton. It is best exposed along the western side
of First Pond. The quartz and oligoclase are subhedral; microcline
is perthitic and anhedral to subhedral; all three minerals range
up to 4 mm ••• (Table 13, 67/345). Perthitic microcline is porphyritic, the crystals ranging up to 10 mm in length.
The several minor differences between the granite and the
quartz monzonites should be noted. The granite does not contain
garnet, but does contain trace amounts of hornblende which show
replacement by biotite and opaque mirerals. Biotite is slightly
more abundant (up to 5%) in the granite. The plagioclase compositions are similar, but plagioclase is less abundant in the granite.
Minor igneous rock types: One aplite dike, three to four inches
thick, was found in the medium grained quartz monzonite phase 200
yards east of Seven Star Hill; it strikes N 5° E and dips 85° W.
The average grain size is 0.1 to 0.5 nun with quartz and microcline
ranging to 1.5 mm. The composition (Table 14, MBJ 67/564.B) is
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Table 12.

Estimated Modes of :Mafic Igneous Rocks
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67/179 Porphyritic, medium grained, diorite from main diorite body,
on 140 1 hill 7/8 mile south or Stover Cove, Brooksville township.
67/193 Porphyritic, medium grained, diorite from main diorite body,
southern side Route 176, l mile west of the end of Stover Cove, Brooksville township.
67/208 Porphyritic, medium grained, diorite from main diorite body,
' mile south of Tapley Cove, Brooksville township.

~

67/855 Foliated ~orphyritic, fine grained diorite, 3/8 mile west of Sparks
Island, Penobscot township.
MJB 67/366.B Diorite inclusion in border of Sedgwick pluton next to MJB
67/366.D, Blue Hill township, (Jones 1969), figure 5.
67/898 Equigranular, medium grained, metagabbro, from dike on eastern
shore of Smith Cove, Brooksville township.
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Table 12 (continued)
67/364 Equigranular metadolerite, eastern shore ot Bagaduce River, 1
mile north of Lords Cove, Brooksville township.
67/478 Fine grained metadolerite on West Brooksville peninsula 3/8
mile southwest of Mills Point, Brooksville township.
67/686 Equigranular aphanitic metabasalt, from dike below high tide,
northern shore of Narrbws, Penobscot township.
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do not.occur at the apparently unfaulted Ellsworth-Castine contacts at
the Narrows and Lords Cove, the top of the Bays-of-Maine complex apparently
is below the Ellsworth-Castine contact in the Brooksville area.
If the metagabbroic dikes are comparable to the dikes Chapman describes as intrusive into the rocif rocks, the main gabbro-diorite body
probably underlies the Ellsworth and Castine rocks of Brooksville township.

If the dikes are the same age as the main body, their greater

degree of metamorphism must be attributed to their somewhat different
original composition, or to the fact that they are thinner than the
main body.
The layered gabbros which strike N 20° W and dip 40 to 70° NE on
Johnson Point, the northeasterly striking belt of gabbros in the vicinity
of Pierce Pond, Oliphant's preliminary data on the Fe/Mg+Fe and nickel
contents of the mafic rocks, diorite inclusions in the margin of the
Sedgwick pluton at the Black Hawk mine (MJB 67/366 of Table 12) and the
northwestern corner of Parker Pond, and the presence of metagabbroic
dikes as far southward as Orcutt Harbor suggest that the presumedly sheetlike Bays-of-Maine dips southeastward.

The biotite zone around the

northeastern edge of the Sedgwick pluton (Plate I) is only about 3/4
mile wide, and

~he

same is apparently true of the Long Island granitic

p)uton.(torsyth, 1953).

Therefore, the four mile wide zone of ribbony

biotite schist between the Sedgwick and East Blue Hill plutons in Blue
Hill (Forsyth, 1953) may be additional evidence for the southerly to
eas~erly

subsurface extension of the mafic body.
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Table 13.

Estimated modes of major rock types of the Sedgwick granitic
pluton.
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Table 13 (continued)
MBJ 67/540 Garnetiferous, porphyritic, fine grained, leucocratic quartz
,,:
monzoni tic phase of Setigwick pluton, just south of the eastern arm
of First Pond, Blue Hill township (Jones, 1969).
MBJ 67 /582 Garnetiferous, medium grained, leucocra tic quartz monzoni tic
phase of Sedgwick pluton, half way between eastern arm of Second
Pond and Route 172, Blue Hill township (Jones, 1969).
MBJ 67/215.A Crushed quartz monzonitic phase of the Sedgwick pluton, 220
foot hill east of summit of Seven Star Hill, Blue Hill township,
(Jones, 1969).
MBJ 67/345 Porphyritic, medium grained, leucocratic granitic phase of
Sedgwick pluton, ~ mile south along shore from inlet of First Pond,
Blue Hill township (Jones, 1969).
67/190 Equigranular, medi.um grained, leucocratic quartz monzonite from
the fine to medium grained border phase of the Sedg,~ick pluton, south
of Route 175, 7/8 mile southeast of North Brooksville, Brooksville
township.
68/1235 Porphyritic, medium grained, leucocratic granite from the fine
to medium grained border phase of the Sedgwick pluton, 1/8 mile
north of Route 175, 5/8 mile southeast of North Brooksville,
Brooksville township.
68/1630 Porphyritic, medium grained, leucocratic granite from the fine
to medium grained border phase of the Sedgwick pluton, from 200
foot eastern ridge of 240 foot hill 7/8 miles northwest of Snake
Pond, Brooksville township.
67/581 Porphyritic, medium grained, quartz monzonite from the porphyritic medium grained phase of the Sedgwick pluton, south side of
Route 175, 1 3/8 miles southeast of North Brooksville, Brooksville
township.
68/1233 Porphyritic, medium grained, granodiorite from the porphyritic
medium grained phase of the Sedgwick pluton, from 100 foot hill 3/8
mile north of Parker Pond, Brooksville township.
L-129

Porphyritic, medium grained quartz monzonite from the porphyritic
medium grained phase of the Sedgwick pluton, 3/8 mile northeast of
Bluff Head, Sedgwick township (1000 counts by J.D. Oliphant).

68/1863 Coarsely porphyritic, medium grained leucocratic granite from
the coarsely porphyritic phase ot the Sedgwick pluton, from abandoned
quarry 3/8 mile east of South Brooksville, Brooksville township.
68/1864A Coarsely porphyritic, medium grained, leucocratic quartz monzonite from the coarsely porphyritic phase of the Sedgwick pluton, northern
end ot Snake Pond, Brooksville township.
68/l864B

Equigranular, tine grained quartz monzonite xenolith in 68/1864A.
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just within the granitic range. Like the fine and medium grained
phases of the Sedgwick pluton, the aplite contains trace amounts
of fine'grained red garnet, probably almandine. The quartz and
feldspars are seriate porphyritic but not as large as their porphyritic counterparts in the fine grained quartz rnonzonite.
LMedium graine~/ graphic granite was found in one small outcrop
along the access road of the Black Hawk mine •••• The composition
borders that of granite and quartz monzonite (Table 14, 67/366.D).
The plagioclase is sub-parallel and fine grained •••• Throughout
the thin section the coarsely perthitic microcline is a physically
and crystallographically continuous host for the other grains.
Because graphic texture also exists locally along the southern
margin of the Sedgwick pluton (Wingard, 1961), and the southwester~
margin of the East Blue Hill pluton (described below), this texture
is probably a local feature along the margins ot the Sedgwick pluton.
An exposure of diorite about four feet wide crops out in contact
with ~he graphic granite LJones, 1961, Fig. 5; Table 14, MBJ 67/
366.B/. The hornblende is predominantly subhedral and porphyritic
from 2 to 4 mm in maximum dimension. It is twinned in part and
may form synneusis groups. The larger grains contain inclusions
of smaller, euhedral hornblende. The hornblende shows partial
resorptive replacement by granular plagioclase and patchy replacement by pyrite. Greenish brown inclusions of augite within some
of the porphyritic hornblende indicate advanced uralitization.
The plagioclase is predominantly tine grained with some porphyritic
laths to 0.5 mm in length. The subophitic texture between the
plagioclase and hornblende may be a pseudomorph of an augiteplagioclase subophitic texture ••••
Interrelations: The contacts between the three major granitic
phases are, for the most part, not exposed and generally occur in
topographic lows. The three major granitic phases probably
represent textural and compositional zones produced by cooling
of the magma. }lore rapid cooling of the margins of the pluton
could have caused the quartz monzonitic composition and the tiner
grain sizes ot the outer zones while displacing volatiles and
alkalies inward, thereby promoting coarser crystal growth and
magmatic differentiation (Vance, 1961) of ·a more leucocratic
granitic interior crudely similar to that described by Karner
(1968) at the Tunk Lake pluton 27 miles to the northeast ••••
Shape: The attitude of the contacts of the Sedgwick pluton vary
from steep to relatively gentle. Almost vertical contacts are
exposed 7/8 m_ile north of the Bl_!!e Hill Township line north of
Highway 172 LJones, 1969, Fig. ZI and in the first roadcut south
of Blue Hill Falls on Highway 172 ••••••• Some evidence implies
that the Sedgwick pluton east of the north-south fault described
below may be the bottom part of a lateral extension of the pluton.
1) West of the north-south fault the texture is relatively
coarse indicating slow cooling far from contact.
2) East of the north-south fault the texture is medium to
fine indicating more rapid cooling perhaps nearer contacts.
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Table 14.

Estimated modes of minor rock-types of the Sedgwick granitic
pluton
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MBJ 67/365 Porphyritic, medium grained, leucocratic quartz monzonite
from Ellsworth-granitic zone, west of Black Hawk access road 100
yards south of the eastern end of Second Pond Blue Hill township (Jones, 1969)
68/1215 Medium grained, garnetiferous quartz monzonite from Ellsworthgranitic zone, northwestern end of Parker Pond, Brooksville township.
MBJ 67 /5648 Aplite from Sedgwick pluton, 9/16 mile east of sumrni t of
Seven Star Hill, Blue Hill township (Jones, 1969).
MBJ·67/366D Graphic quartz monzonite from border of Sedgwick pluton, at
end of Black Hawk access road, Blue Hill township (Jones, 1969).
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3) Relative upward movement on the east side of the north· south fault would offset the south dipping biotiferous
quartzites to the south--possibly accounting for the
presence of the quartzite near the White Star mine.
Therefore, the medium grained quartz monzonite may have
been deeper than the porphyritic medium grained granite
west of the fault.
4) A 3000 foot deep hole drilled at the northern end of
First Pond and collared in granitic rock reportedly
bottomed in meta-sediments (R.G. Doyle, 1967, personal
communicatio~) suggests that the northern contact of
the pluton may dip southerly.
Fine to medium grained, leucocratic granitic rocks.

Weakly porphyritic,

fine to medium grained leucocratic rocks ranging from granites

to-quo~tz

monzonites (Table 13) occur along the northwestern margin of the pluton
from the Bagaduce River to north of South Brooksville and as one small
isolated mass southwest of North Brooksville.
·presumably this is a chill zone.

Although discontinuous,

Specimens examined to date do not

contain almandine or ferrohastingsite.
Porphyritic, medium grained granitic rocks.

Despite the somewhat variable

composition shown in Table 13, the porphyritic medium grained phase tends
to have more biotim and less quartz than the other phases of the Sedgwick
pluton.

The phase occurs in the northwestern portion of the pluton inside

the above fine to medium grained phase.

The phase is best exposed in the

vicinity of Parker Pond where it also forms at least the inner part of
the Ellsworth-granitic zone.

It may also be the igneous component in the

Ellsworth-granitic zone at Grays Corner in Sedgwick township.
contains

Sample L-129

ferrohastingsite as do the granitic phase in Blue Hill and the

Ellsworth-granitic zone around the South Penobscot pluton on Youngs
Island.

Thus the position, mineralogy and texture suggest that this

phase is a· marginal chill zone.
Coarsely porphyritic, medium grained, leucocratic granitic rocks.

The

extent of a coarsely porphyritic, medium grained_, leucocratic phase is not

75.

known because it seems to occupy the western and interior portions of
the pluton that have not been well mapped.
Table 13 occur east of South Brooksville.

The two samples listed in
In addition to phenocrysts

of perthitic microcline, 68/1863 has one centimeter long concentrations
of rounded, sutured quartz grains with undulatory extinction and diameters of 2 to 4 mm.
Interrelationships between the western phases of the Sedgwick pluton.
No intrusive contacts of one phase with another were discovered.

The

somewhat concentric nature of the three phases may indicate progressive
inward crystallization.

At Snake Pond, the coarsely porphyritic phase

(68/1864A) contains a xenolith of fine grained, ferrohastingsite-bearing
quartz monzonite.

Bec~use

ferrohastingsite is restricted so far to the

porphyritic, medium grained phase, this inclusion may establish the relative
ages of the two phases.
Although the granitic plutons are largely quartz monzonites, true
granites occur in the westernmost samples (68/1630 and 68/1863) of the
leucocratic phases.

Perhaps this is due to some sort of contamination

by the Ellsworth councry rocks.
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SOUTH PENOBSCOT GRANITIC PLUTON

Fine grained phase.

The phase with the greatest areal extent is a sparsely

porphyritic quartz monzonite in which the groundmass seldom exceeds 2 mm.
This phase underlies the northern 2/3 of the South Penobscot pluton and is
best exposed along the eastern shore of the strait leading to Northern
Bay.

Wingard's two samples (19bl) listed in Table 15 evidently came from

this phase.

Oliphant will describe this phase in appropriate detail in

her 1969 report.
Porphyritic phase.

A coarsely porphyritic, medium grained, leucocratic

quartz monzonite underlies drumloid Gray Ridge, the southern 1/3 of the
pluton1 and is best exposed on Green Island and Hawes Point on the southern
bank of the Bagaduce River.

It contains up to 25 to 40% pink weathering,

perthitic microcline phenocrysts up to 4 by 2 by 0.5 cm; these give the
rock a noticeable foliation.

These large tabular phenocrysts make this

the most distinctive of all of the rock types in the South Penobscot and
Sedgwick plutons.

Specimens northwest ot North Brooksville (Table 7,

67/71) have 2 to 4% myrmekite; otherwise their modes are similar to the
fine grained phase.
No intrusive relationships have been seen between the fine grained
and the porphyritic phases.

However, the few foliation measurements of

tabular microcline phenocrysts seem to have strikes parallel to the contacts
of the phase (Plates I and III).

This

sugges~s

that the fine grained phase

was the pre-existing wall rock on the northern side ot the porphyritic
phase.

The dips ot the foliations on both the southwestern and the north-

eastern margins of the porphyritic phase have an easterly component, .but
the significance of this fact is unknown.

Perhaps the fine-Brained phase

is a contact or chilled margin against the Bays-of-Maine complex.

The
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wide areal extent of the fine grained phase suggests, that the contact
is practically horizontal.

If so, the pluton may dip gently southward

on top of the Bays-of-Maine complex.
Eguigranular phase.

A medium-grained, equigranular, leucocratic quartz

monzonite (Table 7, 67/69) with less than 5% perthitic microcline phenocrysts is restricted to the northeastern side of Hawes Point (Plate I).
Although compositionally similar to the porphyritic phase, the equigranular phase contains less myrmekite, a lesser An content, and some
primary muscovite (67/69 of Table 15).

Within the grano-mafite zone at

the southern end of the equigranular phase, and 8 inch dike of the porphyritic phase cuts the equigranular phase.
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Table 15.

Estimated modes of rocks from the South Penobscot, East Blue
Hill, and Wallamatogus granitic plutons.
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Table 15 (continued)

67/69

Equigranular, medium grained, leucocratic quartz monzonitic
phase of the South Penobscot pluton, eastern side of Green Island,
Brooksville township.

67/71

Porphyritic, medium grained, leucocratic quartz monzonitic phase
of the South Penobscot pluton, on Hawes Point, Brooksville township.

Wingard 13 Probably fine to medium grained, South Penobscot quartz
monzonite on shore east of Youngs Island, Penobscot township
(Wingard, 1961).
Wingard 12 Probably fine to medium grained, South Penobscot quartz
monzonite at Junction of Routes 175 and 177, South Penobscot
village, Penobscot township (Wingard, 1961).
MBJ 67/513 Porphyritic, fine grained granitic phase of the East Blue
Hill pluton, on shore ~ east from Sculpin Point, Blue Hill township.
J-271

Equigranular, fine grained quartz monzonite from the Wallamatogus
quartz monzonite, 3/8 mile northeast of Pierce Pond, Penobscot
township (1000 counts by J.D. Oliphant).
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EAST BLUE HILL GRANITIC PLUTON
The following description of the pluton is from Jones (1969):
Only the margin of the East Blue Hill granitic pluton along
Sculpin Point was mapped. Two samples collected near the contact
with the Ellsworth schist are a medium grained, sub-graphic
quartz monzonite ana a .f.ine grained granit~with porphyritic
microcline and quartz LTable 15, MBJ 67/511/. A sample collected
abput 200 feet from the contact is a medium grained quartz monzonite. The mineralogies of all the samples are similar. The
plagioclase in the quartz monzonites is sodic oligoclase. Synneusis twinning of the feldspars is common.
The Ellsworth schist near the contact with the East Blue Hill
pluton contain~ many small graniti~ dikes and apophyses lJones,
1969, Figure~/. Muscovite books and rosettes are common in the
margin of the pluton, as are scattered grains of tourmaline,
tourmaline rosettes, and tourmaline crusted and filled joints.
Associated with the tourmaline are very coarse grained, tabular,
pegmatitic patches containing quartz, feldspar, and muscovite.
The pegmatitic patches, the muscovite and tourmaline, and the
granitic dikes and apophyses suggest that the East Blue Hill
magma had a relatively high volatile content along its margin.
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INTERRELATIONSHIPS BETWEEN THE GRANITIC PLUTONS
The petrographic similarity €f the Sedgwick and South Penobscot
plutons has already been menp{oned.

The above discussion of the various

/

phases of each of these J;4o plutons, indicates that each pluton has a
fine grained border facies on its northern margin.

Perhaps this indicates

that Sedgwick as well as the South Penobscot dips southward.
The absence of fine grained facies around the southern end of the
South Penobscot pluton may indicate that the country rocks were already
warm, perhaps due to the prior intrusion of at least the fine to medium
grained border facies of the Sedgwick in Brooksville township.

Unfortun-

ately, no intrusive relationships were discovered to test this hypothesis.
Because the differences in radiometric dates in Table 16 for the two
plutons are well within the experimental error, they cannot be taken for
evidence in favor of this hypothesis.

Except for the biotite age of the

Wallarnatogus which Faul and others (1963) have attributed to a Permian
thermal event, the ages of all the plutons are concordant and similar.
The similarity of the initial sr 87 /sr86 suggest the Sedgwick and South
Penobscot plutons were derived from the same source reservoir, and that
the East Blue Hill and Wallamatogus may have been derived from another.

83.

Table 16.

Isotopic data from rocks of the Blue Hill-Castine district.
Asterisked data are from Faul and others (1963); all other
data are preliminary results of D.G. Brookins, Kansas State
University (October, 1968 written communication).
AGE DATA ON GRANITES

granite
Sedgwick
Sedgwick
E. Blue Hill
E. Blue Hill
s. Penobscot
s. Penobscot
s. Penobscot
Wallamatogus
Wallamatogus

sam:ele
whole rock
bioti te
whole rock
biotite
whole rock
bioti te
biotite
whole rock
muscovite
bioti te

Rb-Sr ~m. y.)
385 + 15
376

± 15

K-Ar {m.y.)

413 + 15
387

*

381 + 20
360 + 15
383 + 20
385 + 15
390
330

*
*

379
330

INITIAL Sr (87/86) VALUES
Penobscot diorite
Ellsworth schist
Sedgwick granite
East Blue Hill granite
'S. Penobscot granite
Wallarnatogus granite

0.7065 + 0.001
0.7064 ± 0.001
0.718 ± 0.001
0. 710 ± 0 • 001
0.715 + 0.002
0.710 + 0.002
K-Ar Data

Sample

K-Ar age

Diorite,
Biotite, Ellsworth Schist
Felsite dike curring Ellsworth Schist
Castine Volcanics
Castine Volcanics

348
369
260
395
207

rn •

•)

+ 15

±
10
+ 12
+ 25
+ 6
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STRUCTUI~.AL

GEOLOGY

GENERAL
Because angular unconformities exist between Ellsworth, Penobscot,
and Castine formations, at least two periods of regional metamorphism
were required to form the Ellsworth and Brooksville schists, and a period
of mafic intrusion was followed by at least one period of granitic plutonism, the Castine-Blue Hill district can be expected to be much more
structurally complex than the reconnaissance maps of Smith and others
(1907) and Wingard (1961) imply.

In the discussion that follows, the

rather unorthodox approach of discussing the youngest structures first
is adopted in order to reveal the older structures within the Ellsworth
schist.
As stated in the Introduction ot this report, outcrops usually are
scarce and virtually no contacts are exposed.
geological interpretations are possible.

Accordingly,

few unique

For the sake or brevity in the

discussion that tallows, many structures are described in a more positive
I

manner than the facts may actually permit.

The reader is reminded that

the facts, that is the outcrops, are either on separate maps or on the
geological maps, so that he may make alternative conclusions.
Perhaps the singlemost importanc assumption upon which the structural
interpretations are based is that Brooksville greenschist was a single
mafic dike or was at least a single echelon series or dikes.
exists to suggest that this assumption is incorrect.

No evidence

FAULTING
~

Despite Wingard's statement to the contrary, faulting is important
in the district.

However, this faulting is only evident in the Brooksville

area where several dissimilar rock types and the distinctive Brooksville
greenschist permit the recognition of offsets.
Three sets ot faults exist,

northerly, northeasterly, and

east-

erly trending sets. With three exceptions, the dips of these faults
cannot be measured, but the direction of dip can be inferred for a few
of them.

The rather straight trace of most of the faults imply that the

dips are steep.
In general, the easterly and northeasterly faults offset the northerly set.

A beautitul topographic example ot this relationship may be

Horseshoe Cove in the southwestern corner or Plate IB.

Because faults

of each set offset the folded Brooksville greenschist but seem to occupied
by metagabbroic dikes; and others, especially the northerly set, displace
the granitic plutons, faulting evidently began after the last folding
but movement on the northerly set either outlasted or was reactivated after
emplacement and crystallization of the mafic and granitic plutonic rocks.
The evidence for some of the most important taults is listed below:

The

faults at the Jones and Shepardson-Tapley prospects will be discussed
later under Economic Geology.
Possible fault under the Bagaduce River west ot the West Brooksville
peninsula (northerly).

Evidence tor a tault beneath the Bagaduce River

is fragmentary:
1) a fault strikes north-northeasterly from the western end of the
Narrows with Ellsworth rocks on the east and Castine rocks on the west.
2) A southern extension of this fault would strike almost down river.
3) The sheared Castine-Ellsworth contact on northern Negro Island is
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not on strike with any other Ellsworth-Castine contact.
4) The Castine gray slate at Hatch Cove (Plate IV) would strike
into the Penobscot slate at Lords Cove unless an intervening fault
truncates it.
5) a northward extention of the fault northwest of the Narrows would
intersect the Mills Point fault near the northern edge of Plate I.
Restriction of the Castine in a graben between these two faults
could explain the apparent absence of the Castine north of Plate I.
6) a fault on the Castine mainland parallel to this postulated
major fault might be occupied by the northernmost doleritic dike on
the Castine shoreline and would explain why the felsite along Route
166 northwest of the Negro Islands does not crop out along the
shore.
Mills Point fault (northerly).

This fault extends from north of Tills

Cove to Orcutt Harbor (Plate IB).

Evidence for its existence includes:

1) juxtaposition from Tills Cove to Smith Cove of generally eastwardly
dipping Ellsworth rocks of the east block against generally eastwardly
dipping Castine rocks,
2) offset of the Brooksville greenschist in the nose of the synform
at West Brooksville to the southwestern side on Mills Point

l~

miles

to the north, and
3) existence of the northward trending Orcutt Harbor-Smith Cove
metagabbroic dike with Ellsworth and Castine lithologies on the east
and only Castine lithologies cin the west.
4) An Ellsworth-bearing basal conglomerate within the Castine and
presumed equivalents occurs at several localities in southeastern
Maine (McGregor, 1964), as well as at the Narrows; the absence of
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such a conglomerate at the Ellsworth-Castine contact in the vicinity
of South Brooksville implies that this is a tectonic rather than a
stratigraphic contact.
5) Linear topographic features extending as tar north as the northern
edge of the Blue Hill quadrangle may be expressions ot the same
fault or fault zone.
6) The Castine formation on the north side of the Narrows was not
found north of Plate I by either Smith and others (1907) or Wingard
(1961); it may be faulted out or removed by erosion.
An unresolved problem concerning the Mills Point Fault is that if
the nose of the synform originally at West Brooksville has been displaced
·northward to Mills Point, why is the antifonn defined by the Brooksville
greenschist near Shepardbrook not similarly displaced with respect to the
southern limb of the synform at West Brooksville?

In other words, dis-

placements of the various segments of the Brooksville greenschist near
.Shepardson Brook can be accounted for without considering the effect of
the Mills Point fault.

Some or all of the following rather ad hoc explan-

ations can be offered to eliminate any apparent displacement along the
Mills Point fault in the vicinity ot Shepardson Brook:
1) The fold involving the Brooksville greenschist is overturned
to the northwest so that uplift and erosion of the eastern block
would cause the fold to be eroded back to its present position.
2) Displacements along the faults of the Shepardson Brook zone
almost exactly compensated for the displacement along the Mills
Point fault.
3) The Mills Point fault has progressively less vertical displacement
southward so
southward.

t~t

the apparent horizontal displacement decreases
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Stover Cove fault (northerly).

This fault extends from the western end

of the Sedgwick pluton into the southwestern portion of the South Penobscot
pluton.

The evidence includes:

1) juxtaposition of medium to coarse grained diorite and the

coarsely porphyritic phase of the South Penobscot pluton at Stover
Cove without any intervening grano-rnafite zone,
2) juxtaposition of brecciated and bleached grano-mafite against
similarly crushed and bleached coarsely porphyritic South Penobscot
on the peninsula on the southern side of Johnson Point east of
Green Island, and
3) a possible offset of the Ellsworth granitic and Ellsworth

contact zones on the northwestern margin of the Sedwick pluton
north of Snake Pond.
4) The larger area of outcrop of diorite south of Route 176 in

Brooksville on the western side than the eastern side of the
inferred fault could be due to uplift of the western block.
Sedgwick fault (northerly).

Jones (1969) provided the following evidence

for an inferred northerly fault in Blue Hill township (Plate II):
Quartz monzonite underlies the small knob just east of the
granite of Seven Star Hill. This quartz monzonite is fine to
coarse grained and seriate porphyritic with phenocrysts of_
quartz, microcline, and oli6oclase LTable 13, MBJ 67/215.~/.
The largest grains, subhedral microcline to 6 or 7 mm, and the
seriate porphyritic texture of the crushed quartz monzonitic
phases.
In hand sample and thin section the larger grains are fragmented, broken, and cracked. Wavy quartz and undulatory extinction of feldspar are common, but no shear planes are evident.
The biotite of the crushed quartz monzonite is either pleochroic
in very, pale colors or brown, and has been replaced in part by
chlorite and pyrite. Pyrite does not occur elsewhere in the
mapped portion of the pluton except at the Owen Lead prospect
(Newhouse and Flaherty, 1930), Most of the pyrite in the thin
section from the crushed zone is associated with the biotite,
either as separate grains or as inclusions •.
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The presence of crushed quartz monzonite implies that the
topographic lows between the various granitic phases may be
underlain by crushed or faulted rock. Pyrite within the crushed
quartz monzonite may provide evidence of the possible genetic
relation between the pluton, its deformation, and sulfide mineralization: the more permeable crush or fault zones in the pluton
may have served as conduits for the ore forming solutions.
The Sedgwick fault system probably extends into the Ellsworth
schist both north and south of the pluton. The crinkling of the
foliation at the eastern ends of the first and third quartzites
at the Twin Lead mine, and the topographic low at the eastern
termination of the first three quartzite outcrops could be
expressions or the northward extension of the fault or parallel
subsidiary faults.
,

Topographic lows within the southern part of the pluton and
indentations of the western shore of Salt Pond-may express the
location ot the faults bounding each side ot the porphyritic,
fine grained quartz monzonite. A large joint surface adjacent
to a major sheared zone on the western shore ot Blue Hill Neck,
anomalous foliation attitudes on Blue Hill Neck, and an indentation of the eastern shore line or Blue Hill Neck may mark the
continuation of the northeastern fault. Lack of both topographic
expression and outcrops on Blue Hill Neck preven~ the identification of the southeastern extension of the southwestern ot
the two faults.
Deformation of a mostly solidified crystal mush would explain
the crushed and cracked nature of the larger grains coexisting with
relatively undeformed fine grains. The amount of fluid in the
magma was not.enough to prevent deformation of the larger crystals,
but was enough to prevent the formation of discrete shear zones
within the pluton, Later crystallization of the interstitial
liquid might have produced the finer, relatively undeformed
grains. Alternatively, the deformation may be post-magmatic
with the larger grains absorbing most of the stress by cracking
and bending.
Rockwood Point faults (northerly).

Jones (1969) presents the following ·

evidence for northerly taults on Rockwood Point in Blue Hill:
The variable strikes ot the bedding and foliation on the northern
and southern shores ot Rockwood Point outline a drag told indicating
right-lateral movement. On the southwestern shore ot the inlet
about 100 yards north of the point, a small north-south fault shows
a right-lateral displacement of 10 feet.
Faults northwest of the Narrows.
dips are required north of the

Several faults of various strikes and

Narro~s

to explain the following:

1) offsets ot the Brooksville greenschist, and
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2) the existence of blocks of Castine rocks with stratigraphic
contacts transverse to the contacts with the Ellsworth schist.
Fault along the Narrows (northeasterly).

The

rationaliz~tion

for the

existence of a northeasterly trending fault under the Narrows is involved:
1) No basal Castine conglomerates containing clasts ot Ellsworth
ribbony schist occur on the north side of the Narrows despite the rather
extensive outcrops of conglomerate on the south side of the Narrows
(Plate V).

Furthermore, the outcrop width of the Castine rocks on the

northern side is considerably less than on the southern side of the
Narrows (Plate IA).
2) These apparent anomalies could be resolved if the EllsworthCastine contact on the northern shore was a fault that eliminated the
conglomerates.
3) The contact between the Ellsworth and the Castine is well exposed
on the northern side of the Narrows.

It is breccia zone 6 to 8 feet

thick striking N 27° E, dipping 41° SE.

The fragments are only poorly

oriented, and in addition to quartz, consist entirely of broken ana angular
blocks of ribbony schist up to 16 by 4 inches.
4) A northerly striking fault occurs on the Jones prospect on the
south side of the Narrows (Plate V).
S) A northeasterly striking fault under the Narrows could otfset
this fault to the northeast such that it enters the northern shore along
the breccia zone just described •
. 6) This same northeasterly fault could offset the northern extension
of the Mills Point fault eastward thereby explain why it underlies the western
shore of Tills Cove.

L.
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Fault across Mills Point (northeasterly),

A nor~heasterly fault across

Mills Point would explain the offset of the Br9oksville greenschist,

It

would also explain the disappearance of the Ellsworth felsite on the
eastern shore of the point and the reappearance of this felsite in the
Ellswor.th-grani tic zone in the southern cove on southwestern Youngs
Island somewhat to the east of its strike projected from Mills Point.
South Bay fault (northeasterly).

The existence ot a northeasterly tault

across the West Brooksville peninsula

i~

predicated upon the following:

1) The metamorphic rocks north of West Brooksville are offset.
The southern termination of the gabbroic dike in the center of the
peninsula may not be truncation but termination of the dike against
the fault plane.
2) The offset of the Mills Point fault at the western arm of
Tapley Cove.
3) The existence of a 6 foot wide quartz vein on the tip of the
peninsula on the northern side of Tapley Cove.
strikes N 100° E, vertical.

The quartz vein

Grano-mafic rocks occur on the south

side of the vein; whereas severely contorted Ellsworth rocks including an augen gneiss crop out on the northern side.
The slight southward flexure of this fault across the topographic high
in the middle of the West Brooksville peninsula may indicate that the
fault dips northward.
Tapley Cove fault (easterly to northeasterly).

The evidence for north-

easterly striking fault in Tapley Cove that offsets the northerly striking
Stover Cove fault includes:
1) The tips of the peninsulas of Tapley Cove are cut by a vein of
quartz and coarse calcite.

The vein contains angular fragments of

:country rock but no visible sulfide minerals.

The vein is up to

7 feet wide but in places consists ot as many as six veinlets all
less than six inches wide,

0

Attitudes vary from N 39- E, 69

0

N to

N 70° E, vertical.
2) Plate IB indicates that dissimilar rock types occur on opposite
sides of the quartz vein.
3)

Th~

northern extension of the northerly striking Stover Cove

fault on Johnson Point (Plate III) is east of the projection of
this fault from Stover Cove.
Shepardson Brook fault zone (northeasterly).

Numerous northeasterly

striking faults are required in the vicinity of Shepardson Brook and the
Shepardson-Tapley prospect to explain the following:
1) gaps in the continuity of the strike of the Brooksville greenschist, and the existence of some of the short segments of the
greenschist that occur on either side of the somewhat west of
north regional strike of the greenschist,
2) the presence of Ellsworth ribbony schist and felsite at the
mouth of Shepardson Brook at the northeastern corner of Smith Cove, and
3) the presence of an isolated segment of Ellsworth quartzite north
of the Shepardson-Tapley prospect.
The faults of this zone do not seem to offset the diorite between
Shepardson Brook and Stover Cove, or the Smith Cove rnetagabbroic dike;
the faults predate the final crystallization of the mafic rocks.

Although

the faults striking through the southeastern part of the ShepardsonTapley prospect (Plate VI) do not seem to offset the Castine rocks to· the
southwest, these anomalous relationships could be explained if displacements on the faults and the contacts between rock types are nearly
vertical.
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Fault north of Orcutt Harbor (easterly).

An easterly fault north of

Orcutt Harbor is inferred from the following:
1) The southerly trending agglomerate and other units

l~

to

~

mile north of Orcutt Harbor are abruptly truncated by easterly
striking units.
2) The metagabbro dikes seem to be fault controlled.

The north-

ward striking Orcutt Harbor-Smith Cove dike has an eastward flexure
north of Orcutt Harbor that might be due to the intersection of
two faults.
3) A strange interdigitation of the Ellsworth-granitic zone and
the granitic rocks of the Sedgwick pluton occurs along the
contact of the pluton about one mile north of South Brooksville.
This east-west interdigitation might be due to the intrusion of
magma along a former fault zone.
Possible Second Pond shear zone (easterly2.

Jones (1969) inferred the

existences of an easterly trending shear zone from Second Pond to Blue
Hill Harbor from the following otherwise unrelated facts.
1) The antiform on the northern side of Sculpin Point appears
to be a drag fold. The southern side moved up relative to the
northern side.
2) Major joints and the notches in the shoreline on the northeastern and western sides of Parker Point strike approximately
east-west.
3) Slickensides plunging S 50° E at 35° near an adit in the
northwestern side of the largest hill between Second Pond and
Stover Hill indicate that the southern block moved up relative
to the northern block.
4) Anomalous vertical dips occur in the foliation in an excavation just south of Highway 17b, north of the hill mentioned in
(3) above.
S) A vertically sheared fold is exposed in the western end of
the ~mall hill just east ot the northeastern end ot Second Pond.
The core of the fold contains unsheared muscovite-bearing granite
along the shear zone. The fold indicates that the southern side
moved up relative to the norchern side.
6) Exploration holes drilled under Second Pond encountered
breccia zones (Young, 1962).
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7) The western end of the second quartzite has a cataclastic
texture.
8) Deformation during or at'ter the crystallization ot andalusite occurred in the southern three quartzites, but not in
the first quartzite. The southern three quartzites are
closer to the inferred shear zone,
Because the stratigraphy in the Black Hawk mine reportedly
plunges variably but uninterruptedly to the southeast, vertical
displacemP.nt on the shear zone must be minimal despite the drag
tolds described in items 1 and 3 above. Items 4 and 5 suggest
that the shear zone is vertical. Intrusion of the Sedgwick
pluton may have caused the shear zone; item 5 indicates that the
shear zone existed before the last stages of granitic intrusion •
••• The north-south Sedgwick fault system may have been active
during late stages of magmatism. Injection of magma into the
Second Pond shear zone necessitates that tne Second Pond shear
zone predate late stage magmatism and therefore the oldest
north-south faulc movement.
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FOLDING

Tops of beds.

Because no criteria were recognized in either the Ellsworth

schist or the Penobscot slate, the tops of beds in these units are unknown.
Dips of foliation and bedding in the Castine range up to vertical
so that some parts of the formation are almost certainly overturned.

The

apparently unfaulted contact between the Ellsworth and the Castine at

100 S, 800 W on the Jones grid on the south side of the Narrows is N 15° E,
29° SE.

Because the Castine rocks on the southern side of the Narrows

generally dip eastward, at least some of them must be upright.

The

angular unconformity between the Castine and the Penobscot north of
Lords Cove is approximately N 60°.w, 40° NE, and because the Castine
.rocks dip 58 to 23° eastward, they probably are upright.
At 050 N 050 W on the Jones grid, cordierite metacrysts in fine
grained Castine rocks accentuate what appear to have, been graded beds.
that dip 82 degrees eastward.

If it is assumed that the cordierite

formed in the originally finer grained tops of the graded beds, the beds
are overturned to the east.

This locality is about 800 west of the

previously described upright contact between the Castine and Ellsworth.
However, this overturning could be a local effect due to drag on the
fault that forms the western contact of the Brooksville greenschist a
few feet to the east.
South of the Castine-Penobscot town line on the west bank of the
Bagaduce, cross bedding (67/608 of Table 8) indicates that the westward
dipping Castine fragmental rocks are upright.

In Smith Cove_, cleavage

is more steeply dipping than the westward dipping bedding in the synform
on the northern end of the easternmost island; so, folds as well as
bedding may be upright in the Smith Cove area.

Similarly, foliation
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and bedding in the slates on the southern shote of Hatch Cove on the
Castine peninsula dip less steeply than cleavage.
Regional fold,

Regionally, the Castine formation occurs along Eggemogin

Reach (beyond the southern edge of the area mapped during this investigation) and on the Cape Rosier and Castine peninsulas (Smith and others,
1907) on the western side of the district.

The largest area of Peno-

scot slate is just north of the Castine peninsula.

The presence·ot the

Ellsworth schist in the northeastern 4/5 ot the district within this arc
of younger rocks, suggests that, unless this distribution of rock types
is due as yet unrecognized regional faults, the district as a whole is
a southwesterly plunging anticline.

In the Brooksville area, minor

tolds in outcrops al30 plunge southeasterly.
Major folds within the Blue Hill-Castine district.

As was the case with

the regional geology, the distribution of the Castine with respect to the
Ellsworth should indicate the major post-Ellsworth folds ot the district.
The Brooksville greenschist is too thin to show these major tolds well.
From the northern Negro Island to the Narrows, a central discontinuous core at Ellsworth schist is bounded on the southeast and northwest
by Castine rocks, thereby defining a major southwesterly, much faulted
anticline, here called the Bagaduce River anticline.

Because the sub-

Castine unconformity, foliation in the Ellsworth, and foliation and
bedding in the Castine trom the western end ot the Narrows to the Mills
Point fault dip eastward, the southeastern limb is upright.
tra~e

The axial

of the anticline is inferred to follow the zone of gentle dips of

the toliations ot the Ellsworth and Brooksville schists with southwesterly
components southwest and north of the Narrows, respectively.

The dips

of foliation and bedding within the Castine on the western side of the
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Bagaduce

Riv~r

in northeastern Castine and southwestern Penobscot town-

ships are vertical to steeply northwest and steeply southeast.

Because

the southeasterly dips are closest to the inferred axial trace of the
fold, the crest of the fold may be overturned to the northwest,
Because the outcrop width of the Ellsworth schist from the Narrows
westward to Route 199 is greater than to the south, the anticline probably
plunges southward.
southward.

Minor tolds on both sides ot the Narrows also plunge

By analogy to the anticline defined by the Brooksville green-

schist at West Brooksville, which is described below, the fold outlined
by the Brooksville greenschist at the western end of the Narrows (Plates
IB and V) near the axial trace of the Bagaduce River &nticline also is
a southward plunging anticline.
The outcrops of Ellsworth schist and Castine conglomerate at Fort
George in Castine and the Ellsworth outcrops reported by :Jingard (19bl)
at Dice Head probably indicate that the Bagaduce River anticline plunges
beneath Penobscot Bay and that Cape Rosier peninsula is on either the
southwestern limb or nose ot this major told.

The southeasterly dipping

rocks in northeastern Smith Cove are interred to be on the western limb
of the fold.

Obviously, the end of the Castine peninsula from Dice Head

to Wadsworth Cove should be mapped to test this anticlinal hypothesis.
Folds involving the Brooksville greenschist,

Fold:: involving the northward

striking Brooksville greenschist are the youngest and easiest folds to
recognize in the district.

Such folds exist at West Brooksville and

Shepardson Brook, and another is inferred at the Narrows.

Becauae the

greenschist was formerly a dike, its contacts are not necessarily parallel to the stratigraphic contacts between or within the older metasedimentary and metavolcanic formations,
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The best documented syntorm and antitorm.occur at West Brooksville.
The previously described distribution of the Penobscot formation at West
Brooksville (page 35) and mapping around the village indicate that the
Penobscot formation occupies the core ot a fold defined by Brooksville
greenschist within ribbony Ellsworth schist on the limbs.

The cleavage

in a single outcrop of Penobscot slate in the woods 1/8 mile southeast
of the village dips

78°SE and this may indicate that the fold is over-

turned to the northwest.
If the Penobscot is younger than the Ellsworth, the fold is an
overturned

syncline~

turned anticline.

If the Penobscot is older, the fold is an over-

Based on the relative degree ot metamorphism, one

would expect the Penobscot to be the younger.

This inferrence is

strengthened, by the previous discussion of regional and major folds
closing to the southwest.

As this fold at West Brooksville has closure

to the northeast, it must be a syncline, and it necessarily tollows that
the Penobscot slate is, indeed, younger than the Ellsworth schist.
Just north of the village, the majority of dips in the associated
fold defined by greenschist dip southeastward, implying that this fold
is also overturned to the northwestward.

Closure of the greenschist to

the southwest shows that this is an anticline.
Another fold occurs between Shepardson Brook and Orcutt Harbor east
of the metagabbro dike.

East or the main portion of the dike the much

faulted greenschist curves northwestward ti-._rough the Shepardson-Tapley
prospect toward Route 176.

About 5/8 mile to the southwest the thin

agglomerate with Castine felsite has an identical (but curiously unfaulted)
strike.

Clearly both the Castine agglomerate and the Brooksville green-

schist were folded Simultaneously.

The northeasterly striking 3/8 mile
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long segment of Brooksville greenschist south of Shepardson Brook and
~

mile northeast of its mouth is inferred to the opposing northwestern

limb of this fold.

Although the nose of the fold is covered (Plate IA),

it would logically be to the west of the two outcrop belts of greenschist
(Plate IB); thus, the fold is an anticline.

Because the Ellsworth rocks

are two unconformities below the Castine-Brooksville units, the Ellsworth units need not be, and are not,geometrically disposed with respect
to this fold axis.

A few southerly dips within the exposed segments of

the Brooksville greenschist near the nose of this fold, suggest that this
fold is also overturned to the northwest,
A third fold involving the Brooksville greenschist occurs underwater
at the Narrows.

A combination of folding and faulting are needed to

explain the presence of five different outcrop belts of greenschist on
the southern side ot the Narrows (Plate V) and only one belt on the northern shore.

The fold pattern shown on these plates may not be a unique

interpretation, but it does seem to fit (1) the foliation in the greenschist, (2) what is known about the Bagaduce River anticline, and (3)
the style of folding (including tectonic thinning) of the greenschist at
West Brooksville and Mills Point.
Brittle deformation during folding.

The fragmental Castine unit that

unconformably overlies the Penobscot slate north of Lords Cove is incipiently boudinaged: some folds in the slate have concave upward limbs
projecting upward into the fragmental unit.

North of Lords Cove and

extending to the Narrows, are isolated plaques and dikes ~f breccia

.

'

(Cheney, 1968, Figure 2) on or in Ellsworth schist (Plate

IB~

The

largest plaque is northwest of the Narrows and is 30 feet long parallel
to the shore and up to 2 feet thick.

The clasts in all of the plaques

are angular, predorninantely pebble size, and are invariably Ellsworth

101.

Pre-Castine folds.

Because the Penobscot formation is so poorly exposed,

pre-Castine folds can only be recognized in the Ellsworth schist.

Folds

involving only Ellsworth rocks may be of the following types: (1) folds
formed during the last (post-Brooksville) period of major folding, but
all of the post-Ellsworth rocks have been eroded from the area of

~he

fold; (2) folds that are truly pre-Castine, and (3) folds formed in the
Ellsworth•schist during emplacement of the granitic plutons.
type, being

post-Brooksvill~,

The third

will be discussed later.

The age of the Blue Hill Neck synform is difficult to

determi~e

because no younger metasedimentary rocks crop out in that part of Blue
Hill township.

Because the Blue Hill synform has an overall southwesterly

.strike, it might be post-Brooksville like the southwesterly striking folds
in the Brooksville area,

However, unlike the folds in the Brooksville

area, the axial trace of the Blue Hill Neck synform is curved so that at
the end of Blue Hill Neck it strikes southeastward.

Therefore, the syn-

form is unlikely to be entirely due to post-Brooksville folding.
The synform could have originated in one ot the following three ways:
(1) it is truly a pre-Castine fold; (2) it was originally a southeasterly
plunging pre-Castine fold, the northeastern end of which was displaced
westward when the southwesterly plunging anticlines formed in post-Castine
time, and (3) as Jones (1969) has speculated, the presence of rim synforms
in Ellsworth schist around the granitic plutons and the gross parallelism
of the axis of the synform and the northeastern contact of the Sedgwick
pluton may indicate that the synform formed between the rising Sedgwick
and Long Island granitic plutons.

Considering the complex geologic history

of the district and the much smaller size of the rim synforms discussed
below, the second alternative seems the most likely.
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schist; they are well cemented by a fine-grained matrix.
Contacts of the Brooksville greenschist commonly are rusty weathering
or hydrothermally altered similar to 67/345 and 37/370 of Table 11.

Near

the end -0f the outcrop belt of the thicker Ellsworth felsite on Mills
Point, a thinly jointed, rusty weathering, 4 to 5 foot zone of ribbony
schist occurs along the felsite contact.
The simplest explanation of all of these features is that shearing,
brecciation, and minor decollement occurred along the sub-Castine unconfonnity and along contacts during folding.
A number of second foliations are shown on PlAte IB although these
have variable dips, they strike northeasterly.

Northeasterly striking

second foliations also occur on Islesboro (D.B. Stewart, Aug. 1968,
personal communication) in Penobscot Bay 3 to 12 mil8s southwest of
Castine and on the western shore of the Cape Rosier peninsula.

These

second foliations and the northeasterly set of faults in Brooksville
are here interpreted as being essentially axial plane features developed
during (and perhaps after) development of the three sizes of folds that
have just been described.

This interpretation would be consistent with

both the microscopic recognition of two foliations in the Brooksville
greenschist and the presence of only weakly metamorphosed, unfolded,
metagabbro dikes in some of the fault zones.
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A generally southeasterly striking pre-Castine fold is inferred to
exist in the vicinity of the Shepardson-Tapley prospect (Plate IB) for
the following reasons:
1) The contacts of the Ellsworth rocks do not parallel the contacts
of the Castine rocks and the Brooksville greenschist.
2) The Ellsworth quartzite north of South Brooksville has northeasterly strikes, but in the vicinity of the Shepardson-Tapley prospect, the
quartzite has a parabolic map shape and a variety of strikes, some of
which are easterly and southeasterly.
3) This parabolic map shape, in addition to looking like a fold with
closure to the northwest, gives the quartzite an unusually large outcrop
width.
4) The coarsely porphyritic Ellsworth felsites northwest of the
Shepardson-Tapley prospect have a crudely saddle-shaped map pattern (even
on Plate IA) that could be the original shape of an intrusion, the shape
of a refolded fold formed by the anticline near Shepardson Brook, the
result of faulting, or a combination of these possibilities.
5) Some of the considerations are regional: (a) Along the northern
side of the Sedgwick pluton in Blue Hill the Ellsworth rocks strike eastwest and dip to the south (Plate IIB), but in the Brooksville area, the
schists strike northerly and dip easterly.

Judging from the prevalence

of easterly strikes as far west as the Stover Cove fault, foliation and
units within the Ellsworth swing northward just west of the tault.

(b)

If the change to northerly strikes were soley due to folding of the
Ellsworth-during formation of the

region~~

southwesterly plunging anti-

cline (described on page 9b), the quartzites in Blue Hill township and
from Parker Pond to the Shepardson-Tapley prospect, on what would be the
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southern limb of the regional fold, should recur on Mills Point or at
least in southeastern Penobscot

to~nship.

The northward extent of the axial trace of this fold is unknown.
However, the Ellsworth rocks of Brooksville and Penobscot townships
could be part of this fold.

In particular, if the fold is nearly isn-

clinal the ribbony schist and intercalated thin felsites between the
Mills Point and Stover Cove faults could be on the northeastern limb.
The distribution of the Penobscot slates with respect to the
Ellsworth rocks would indicate that the fold is a northwesterly plunging
antiform.

This working hypothesis is based upon the following line of

reasoning:

Isolated outcrops of Penobscot slate near South Brooksville

(described on page 36), together with the larger areas at West Brooksville-Lords Cove and the Highland Prospect in southwestern Penobscot
township could be interpreted as defining Penobscot-Ellsworth contact
having much the same shape as the axial trace of the fold.

This would

imply that the fold is a northwesterly plunging anticline. :the absence
of Penobscot slate on the northeastern limb of the fold could be explained
away by "sweeping it under" the Bays-of-Haine complex or the Penobscot
pluton; a less ad hoc explanation would be that uplift of the Ellsworth
schist during formation of the southwesterly plunging regional anticline
caused the Penobscot slate on the northwestern limb to be completely
eroded.

Because the Penobscot slate is of lower metamorphic rank than

the Ellsworth and probably is unconformable upon the Ellsworth, the
Penobscot-Ellswo~th

contact need have no relationship to the fold, and

this hypothesis may be disregarded.
The alternative hypothesis is that the easterly dipping quartzites
north of South Brooksville and the southerly dipping quartzites in Blue
Hill define a southeasterly plunging synform.

The axis of this synform
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could be on strike with the southeasterly plunging syncline in Brooklin
township mapped by Forsyth (1953) and recognized by Wingard (1961) on the
basis of the orientati6n of foliation in the Ellsworth greenschist.
If the synform is a syncline, the northeastern limb in the vicinity
of Mills Point and Tapley Cove is overturned to the west.

Then the ori-

ginal stratigraphic succession of the Ellsworth within the Brooksville
area can be deduced by listing the units from North Brooksville southwestward toward the Shepardson-Tapley prospect so that the quartzite
is the youngest unit exposed in Brooksville township; the Ellsworth
greenschists mapped by Forsyth and Wingard in Brooklin township would be
even younger.
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EMPLACEMENT OF BAYS-OF-HAINE COMPLEX
The previous discussion of the Bays-of-Maine mafic complex suggested
that this portion of the
the Ellsworth schist.

~omplex

dips southward or southeastward within

The synformal structure of Ellsworth rocks implies

that in gross aspect the complex within and under areas of Plates IB,
IIB, III, and IV is a sill.

106.

EMPIACEHENT OF THE SEDGWICK AND PENOBSCOT GRANITIC PLUTONS
~ion.

Previously cited field data suggest that the Sedgwick and

South Penobscot plutons dip southward.

The South Penobscot pluton seems

to have been emplaced along the southerly dipping contact between the
mafic Bays-of-Maine complex and the Ellsworth schist.

The presence of

Ellsworth schist along the western margin of the Sedgwick pluton indicates
that the pluton is bounded on three sides by Ellsworth and only on the
southern margin by Castine rocks; evidently the Sedgwick was intruded
along the Ellsworth-Castine contact.
Even more intriguing is that the entire northwestern side of the
Sedgwick pluton from Second Pond in Blue Hill to South Brooksville seems
to almost concordant with the synformal quarztites.

This situation is

strikingly akin to the granitic and migmatic rocks in the Manitouwadge
syncline described by Pye (1957) in the Precambrian shield of the
District ot Thunder Bay, Ontario.

Dritting and drilling by Willroy Mines

Ltd. along the bottom contact ot the granite in search for additional

massive sulfide ores indicates that the granite is grossly conformable
and therefore canoe-shaped (Dennis Schean, June, 1968, personal communication) .at Manitouwadge.
Rim synforrns.

The augen gneisses, the disruption of ribbony foliation

(Cheney, 1968, Figure 3) and the disarticulated mafic dike shown by Cheney
(1968, Figure 4) with the inner portion of the Ellsworth contact aureole
of the granites indicate deformation accompanying intrusion of the granites.
Foliation in the porphyritic phase of South Penobscot granite implies
considerable flowage in the South Penobscot granite just prior to its
consolidation.

In addition to the

r~markable

gross concordance of the

plutons with the Ellsworth schists, the foliation of ribbony Ellsworth
schists dips away from the granites so that rim synforms parallel

~the
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granitic contacts at the following localities;
1) along the southwestern margin of the South Penobscot granite
from

Wardw~ll

Point to Shepardson Brook,

2) along the northwestern margin of the Sedgwick granite from South
Brooksville to North Brooksville and within the inclusion of Ellsworth schist east of Parker Pond,
3) along the northern margin of the Sedgwick granite in Blue Hill
in the area mapped by Jones (1969),
4) along the northeastern margin of the Sedgwick granite on Blue
Hill Neck mapped by Forsyth (1953) and Jones (1969), and
5) probably along the northeastern margin of the Oak Point rapakivi
granite at Flye Point in Brooklyn mapped by Forsyth (1958).
One important localicy that does not seem to have a rim synform is
the northern border of the Long Island granite where it intrudes southerly
dipping Ellsworth schists.

Wingard notes that the dip ot the Ellsworth

increases toward the granite; this is ditficult to reconcile to with a
rim synform unless the granite is thrust over the synform.
These rim synforms suggest that the granites dragged thin sheaths
of Ellsworth schist upward.

The circular to elliptical outlines of the

gr_anites (mapped by Smith and others and Wingard), the lack ot xenoliths
in the interiors of the granites, and the restriction of "roof pendants"
to the margins of the granites could be the results ot upward flow ot magma.
Level of emplacement.

The localization of magmatic hydrothermal ore

deposits in or around cupolas of intermediate to granitic plutons is so
well known that cupolas are often used as guides for mineral exploration.
Wingard considered the 5 biotite granites in the Castine-Blue Hill district
to be cupolas projecting upward from a shallow batholith.

More recently

Hamilton and Myers (1967) have suggested that the sillimanite plateau ot
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central New England extending into southwestern Maine (see Doyle and others,
1967) is a zone of regional
now removed by erosion.

contac~

metamorphism below a major batholith

According to this hypothesis granites rise from

stock-sized roots and coalesce in the upper part of the crust, thereby
causing contact metamorphism on a regional scale below the batholith.
Absence of such high grade metamorphism in eastern Maine may indicate
(1) that this basal zone has been eroded, (2) that the many granites of
the region never coalesced to form a high level batholith, or (3) that
the plutons are shallow stocks above a larger batholith.
Perhaps the best evidence that the stocks are tairly shallow is the
presence of andalusite and sillimanite in the contact aureoles.

Turner

(1968, p. 223) states that the presence of andalusite limits ''the probable
pressure field of the hornblende-hornfels facies to less than about 3 kb."
This corresponds to about 10 km which is fairly shallow tor the subbatholithic part ot the Hamilton and Myers' model.

Emplacement of the

Sedgwick pluton into the Castine tormation, which has undergone only low
grade regional metamorphism, may also indicate the tairly shallow nature
of the stocks.
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GEOLOGIC HISTORY

The following is the simplest geologic history that can be constructed
from the present investigations:
1) deposition and subsequent metamorphism and folding of pelitic,
quartzofeldspathic rocks and some intercalated telsic volcanic rocks
produced the ribbony chloritic facies ot the Ellsworth schist prior
to the Silurian.
2) uplift and erosion of the Ellsworth,
3) unconformable deposition of the Penobscot slate upon the Ellsworth
schist,
4) uplift and erosion of the Penobscot and the Ellsworth,
5)

unconfo~mable

deposition of the predominantly volcanic Castine

formation upon the Ellsworth and Penobscot formations, and
6) intrusion of the mafic dike which is now the Brooksville greenschist.
7) Regional

greenschist-f~cies

metamorphism converted the mafic dike

into Brooksville greenschist and formed the southwesterly plunging
folds of the district.
8) Faulting during or soon after tolding was predominatly along
northerly and northeasterly strikes.
9) intrusion of

t~

This-was followed by

mafic dikes of the Bays-of-Maine along the faults

during emplacement of the apparently strataform mafic complex, which
underwent gravitational fractional crystallization,
10) emplacement of granitic plutons and additional faulting along
previous

sets of faults.

11) Radiometric dates by Faul and others (1963) indicate a Permian
thermal event.

Conceivably, faulting could have occurred at this

time rather than immediately after emplacement of the granitic plutons.
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Formation of prehnite veinlets and of undulatory extinction in
quartz in the granitic plutons could have occurred at this time,
but could have equally well have formed by late magmatic pulses
after initial crystallization of the plutons.
12) Any post-middle Paleozoic to pre-Pleistocene rocks have been
removed by erosion.
13) Various undifferentiated Quaternary and Recent deposits largely
obscure the bjWrock geology.
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ECONOMIC GEOLOGY
MINING ACTIVITY AND PRODUCTION

Most of the mines in the Blue Hill area are located within the
biotiferous rocks of the Ellsworth schist north of the Sedgwick pluton.
The mines were active between 1878 and 1882 (see frontispiece).

The

ore bodies are primarily pyrite, sphalerite, and chalcopyrite, tabular
in shape, and parallel to the schistosity.

During their operation, the

mines produced about two million pounds of copper (Gillson and Williams,
1929).

The mines closed due to the low grade of ore.

Ore grade Cu-Zn-Pb-Fe sulfides were discovered 90 to 300 feet beneath
Second Pond in Blue Hill in 1956 (Young, 1962).

In the early 1960's,

the Black Hawk Mining Co. opened a mine and constructed a mill on the
southern shore of Second Pond.

This mine shut down in 1965 due to the

high cost of extracting the ore.
Sphalerite, with a lesser amount of chalcopyrite and some galena,
has long been known near and under Goose Porld at Harborside (see Figure 1)
on the Cape Rosier peninsula (Levin and Sanford, 1948).

In 1964, the

Callahan Mining Corporation leased the property and commenced exploration
and then development (Hodder and Schiller, 1968).

Production commenced

in 1968 with the completion of a 450 tpd mill and the milling of 112,242
tons of ore assaying 6.0% Zn, 1.0% Cu and 0.5 oz. Ag/ton (Callahan Mining
Corp., 1968).

Because the property is 2\ miles west of southwestern

corner of the area shown in Plate I, it will not be discussed below.
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PREVIOUS STUDIES
The ore deposits of the Blue Hill area have been sporadically studied
since 1909.

Emmons (1909, 1910) thought that the ore formed as fissure

or vein deposits within the Ellsworth schist before regional metamorphism,
and that metamorphic segregation produced the banding in the ore parallel
to schistosity.

As Emmons had better access to the interior of mines and

prospect pits, his are the best descriptions available.

Not all the

mines have been relocated, and those that have. are flooded.
Lindgren (1925, 1933) related the cordierite-anthophyllite-sulfide
association to metascmatism associated with the Sedgwick pluton and
Forsyth (1953) showed that virtually all the sulfide deposits in the
.Blue Hill Township are located within the contact aureole about the
Sedgwick pluton.

Gillson and Williams (1929) purported to show that the

contact aureole about the Sedgwick pluton is enriched in iron and sulfur
relative to the non-contact metamorphosed Ellsworth schist (Table 17).
Newhouse ana Flaherty (1930) suggested that regional zoning of the
sulfides exists about the Sedgwick pluton and showed that the sulfides
and especailly the associated quartz are not deformed and therefore must
not have been regionally metamorphosed.

The paragenetic sequence of the

sulfides in tre Blue Hill area stated by Li (1942) is typical of sulfide
deposits with magmatic affiliations (Bateman, 1950, p. 106).

However,

recent work on the subsolidus reactions of sulfides (Brett, 1964;
Barton and Skinner, 1967) make Li's paragenetic sequence and the lack
of sulfide deformation noted by Newhouse and Flaherty of questionable
genetic significance.
During the autumn of 1942, the U.S.

Bure~u

of Mines put down 9

diamond drill holes totaling 2,883 feet on the aforementioned area of
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mineralization at Harborside (Levin and Sanford, 1948); these holes
in~ersected

mining.

some of the ore that the Callahan Mining Corporation is now

From August to October of 1948, the Bureau of Mines drilled

seven holes totaling 2,117 feet on the site of the old Douglas mine
between Second Pond and highway #176 in Blue Hill; no ore was found
(Earl, 1950b).

From October to November of 1948, the Bureau drilled

five holes for a total of 1,204 feet on the Tapley prospect (see Plate
VI) without encountering any significant mineralization (Earl, 1950a).
Information concerning the many other drilling operations in the district
since 1955, may be obtained from the Maine State Geologist.
Hussey and'Austin (1958) compiled maps showing the locations of most of the
old mines and prospects in the district and gave a brief
some of them.

~escription

of

Young (1962) augmented this compilation.

During the summer of 1961, Young (1962) conducted a geophysical
reconnaisance of many of the deposits in the Blue Hill-Castine district.
According to Young (page 4):
Each prospect was mapped in detail and, when applicable,
various ground geophysical instrument surveys were conducted
over the prospect, EM instrumentation, both horizontal and
vertical loop, a self-potential unit and a magnetometer were
also employed on those prospects where their use was effective.
An average 1000 1 N-S, E-W grid was established for each prospect
survey. Station readings were at 100 1 intervals.
The greatest shortcoming of this investigation was that it was undertaken
without any detailed knowledge of the geology of the area.

Thus only

old prospects were surveyed, and the geology of these was imperfectly
known.

For example, Young was not able to differentiate the Ellsworth

schist, Castine formation, and Brooksville greenschist from one another
at either the Jones (Plate V) or Shepardon-Tapley (Plate VI) prospects,
and as a result, his maps are geologically inaccurate.

Without any

detailed geologic knowledge Young, of course, was unable to choose any
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new (unprospected) areas for exploration,

Young did submit samples from

various prospects for assays of gold, silver, lead, copper, and zinc.
Although no reason exists to doubt the accuracy of the assays and no
additional samples have been assayed during the present investigation,
field examination of some of the prospects suggests that assays may have
been made on better than average grade material.

Despite the above

limitations, Young's geophysical studies will be very helpful to anybody
who wishes to make an initial evaluation.of

~n

old property.

L L.J •

A PHILOSOPHY OF ORE FINDING
The inhabitants of the Blue Hill-Castine district have been tramping
over the district for 200 years.

Any surface or near surface indications

of mineralization that they missed have been probed, pitted, and drilled
by trained and untrained prospectQrs in the past ninety years.

Although

the near success of Denison Mines Ltd, at the Black Hawk mine, and the
very real success of Callahan Mining Corp. at Harborside were initiated
by re-evaluating old prospects, a new philosophy of ore finding is needed
in the district.

This philosophy is based on geology, a commodity

previously in short supply in the district.

The philosophy is simply

this: it is time to become more imaginative, time to stop evaluating
only old prospects.

It is time to search out new areas of potential

mineralization as Callahan Mining Corporation is now doing peripheral to
its mine on the Cape Rosier peninsula.
In the following sections, the old Blue Hill area, the old Jones
and Shepardson-Tapley prospects in Brooksville, and the many prospects
along and within the Brooksville greenschist will be described.

However,

the most promising areas are the hitherto unexplored extention into
Brooksville of the host rocks of the Black Hawk deposit of Blue Hill and
the possibility of discovering a Sudbury-type nickel-copper deposit in
Penobscot. township.
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·TABLE 17

CHEMICAL ANALYSES OF CONTACT METAMORPHOSED AND
NON-CONTACT METAMORPHOSED ELLSWORTH SCHIST
Non-contact metamorphosed

Contact metamorphosed

Si0 2

61.96

59.07

A1 2 03

16.45

16.97

o
2 3

2.52

5.51

FeO

4.09

5.28

MgO

. 2. 73

2.24

CaO

2.34

.42

Na 2 0

2.16

1.14

K2 0

3.00

3.66

P205

.39

.25

Ti0 2

1. 60

Fe

1.00
• (,

MnO

;., 16

c'~"

..

·"

('-

..

.14

i'.:
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From Gillson and Williams, 1929

The analyses were made of equal quantities of three samples of noncontact metamorphosed schist probably collected near Ellsworth and on
Blue Hill Neck and of equal quantities of five samples of contact
metamorphosed schist. Gillson and Williams do not state where the
contact metamorphosed samples were collected.
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BLUE HILL AREA*

Ore Control.

Most of the sulfide .deposits in Blue Hill township are in

or near the three southern quartzites north of the Sedgwick pluton.

These

quartzites, except for that portion of the second quartzite just southwest
of Third Pond, are biotiferous.

The western portion of the second

quartzite is white and contains very little biotite or sulfides.

The

most biotite-rich portions of the quartzites seem to contain the most
sulfides.
As mentioned above, most of the biotite north of the Sedgwick
pluton is reddish brown, whereas that east of the pluton is predominantly
greenish brown.

Both microscopically and regionally, most of the sulfides

are associated with the reddish brown biotite.
The redness of the biotite reflects a high titanium to ferric iron
ratio (Deer, Howie, and Zussman, 1966, p. 213).

Iron extracted from the

octahedral sites in the biotite for the associated pyrite may be replaced
by titanium (Deer and others, 1966, p. 212).

The source of the titanium

may be in other biotite grains which have been completely replaced by
pyrite.
Hydrothermal Alteration.

Evidence of hydrothermal alteration is

li~ited

to the above color differences of biotite and to petrographic sericite
and chloritization.

Prograde muscovite, which crystallized during the

contact metamorphism, forms discrete grains up to 0.5 mm and is partly
decussate.

Sericitic alteration is not extensive and is primarily

restricted to the quartzites and schists north of the pluton.

It forms

1 to 2% of the rock and replaces cordierite, andalusite, and biotite.
Intensive sericitization occurs only at the Mammoth mine on the south-

*This section is from Jones, 1969, p. 50-55
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west shore of Second Pond, at the Twin Lead mine nortlhwest of Stover Hill,
and at a prospect pit on the west slope of Stover Hill.

The sericite

comprises up to 20% of the rock and forms a matte surrounding quartz,
biotite, muscovite, and sulfide grains.

The latter two locations are

along fault or shear zones extending into the Sedgwick pluton.

Diamond

drilling by Denison Mines, Ltd. seems to indicate that a northwesttrending fault underlies the southwestern part of Second Pond near the
Mammoth mine (John Hogan, 1968, personal communication).

The faults,

therefore, may control the sericitization.
The data of Gillson and Williams (1929) in Table YZ and the varying

KiO weight percentages calculated from modal analyses of samples collected
.southeast and northeast of the Sedgwick pluton may indicate magmatic
hydrothermal potassium metasomatism.

A sample on the western shore of

Salt Pond about 400 yards north of the Blue Hill Township line and a
phyllite from the chlorite zone on the eastern shore of Blue Hill Neck
about 400 yards north of the Blue Hill Township line contain approximately
3 and 1 weight percent K 0, respectively.
2

A sample from a roadcut about

3/4 mile south of Highway 176 on the western road to Blue Hill Falls
from Blue Hill Village and a sample from the beach about

~

mile northwest

of Parker Point contain approximately 7 and 5 weight percent K 0, respect2
ively.

The higher microcline content of garnet-bearing rocks nearer

the Sedgwick pluton may also be a reflection of potassium metasomatism.
However, the extent to which pre-metamorphic lithology and composition
·affect the K 0 content of the rocks cited above is not known.
2
Chloritization, though not extensive, affects most ot the biotite
in the Ellsworth rocks north of the Sedgwick pluton.

It is most inten-

sively developed northeast of Fourth Pond where nearly all the biotite
is chlori ti zed.
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Structural Control.

The pyritiferous mineralization, found near the

junction of the north trending fault zone and the Second Pond shear
zone, is localized in the biotiferous quartzites, presumably these were
more dilatant than the surrounding schists.

The fault in the Sedgwick

pluton and the fault thought by Denison Mines, Ltd, to underly the
southwestern portion of Second Pond may have been channels through
which mineralizing solutions passed into the Ellsworth schist.
Mineralization within the Sedgwick Pluton.

The sulfides within the

pluton provide further evidence that the pluton may be the source of
the mineralization.

The Owen Lead prospect within the pluton contains

pyrite, pyrrhotite, magnetite, chalcopyrite, sphalerite, and galena-all the major minerals found in the Ellsworth deposits (Newhouse and
Flaherty, 1930).

An eAploration hole in the pluton at the north end

of First Pond is rumored to have encountered chalcopyrite in the pluton
at a depth of about 3000 feet.

The crushed zone in the Sedgwick pluton

east of Seven Star Hill contains trace amounts of pyrite.

The quartz

monzonite in the first roadcut south of Blue Hiil Falls on Highway 172
contains pyrrhotite, disseminated molybdenite and two quartz veins one
inch thick containing molybdenite and wolframite.
Comparisons with Bathurst, New Brunswick.

The sulfide deposits at Blue

Hill are somewhat similar in mineralogy and geologic setting to the
stratabound sulfide deposits near Bathurst, New Brunswick (Lea and
Rancourt, 1968; McAllister, l.960; Stanton, 1959, 1960) where shear zones
and folds structurally control the deposits and Devonian granites
intrude the country rocks.

Hydrothermal alteration is not well developed.

The equality of the sulfur isotopic composition of sulfides in the
Bathurst granites and ore deposits may possibly indicate that hydrothermal
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solutions from the Devonian granites formed the ore bodies (Dechow, 1960;
Tupper, 1960).

By analogy, perhaps the Devonian Sedgwick granitic pluton

is related to the mineralization at Blue Hill.
Conclusions.

The work of previous writers, the similarity of the Blue

Hill and Bathurst ore deposits, the inferred existence of faults cutting
both the granitic pluton and mineralized portions of the Ellsworth schist,
and the existence of some small amounts of sulfide mineralization within
the Sedgwick pluton indicate the sulfide deposits southwest of Blue Hill
may be magmatic hydrothermal.

Sulfide mineralization accompanied or

followed chloritization and sericitization of the biotiferous quartzites.
Sulfides totally or partially replaced the host rock and especially the
biotite.

The sulfides presumably preserved the foliation in the schists

by selective replacement of the more micaceous layers.

Some of the

sulfides, deposited in quartz veins, cut across the schistosity.
The Blue Hill area has been intensively prospected in the last
eighty years, so that any deposits that have been overlooked will not
have a great surface expression.

Areas that may warrant prospecting by

geophysical techniques include:
1) The area north of Seven Star Hill and west of the White Star
mine.

This area, covered by glacial drift, is on strike with

the crushed zone in the Sedgwick pluton and the biotiferous
quartzite that crops out near the White Star mine.
2) The intersection of the north-south trending Sedgwick fault
and the Second Pond shear zone.
3) The area northeast of Fourth Pond where the Ellsworth schist
is very rusty weathering.

Six hundred yards south of Kingdom

Road, just west of the dirt road between Third and Fourth Ponds,

L

12Va..

the rock is sericitized and chloritized and does not contain
fresh biotite,

This localitj may be near the continuation of

the fault thought by Denison Mines, Ltd, to underly the southwestern part of Second Pond,

No prospect pits were found and

there is no mention of mining activity in this area in the
literature.
4) The biotiferous part of Blue Hill Neck along the northeastern

fault extending from the Sedgwick pluton.

:.2.: .-

VLlie
1-;:_·.:;~.

gree~schist

is the_ host rock for tnrce prospects

a~d m~~y

Lxplor~~-~-

·:,_·nc three prospects Highland, Blc,dg0ct, and Shepo.cdsor,-'_':·:>,•-Y

inv~st~g~ted

~ine~

during Young 1 s geophysical (1962) study, and Denison

Ltd. drilled the Highland and

Shepardsoa-~apley

196C 0 s without discovering ore bodies.

~he

prospects in

~~c

U.S. Bureau of Mines

.1•c. -.:

early
drilLe~

the Shepardson-Tapley prospect in 1948 (Earl, 1950a).
The contacts of the Brooksville greenschist are often very
\·1ea.:hering and hydrothermally altered.

r~sty

·Hany exploration pits were dug

on ur very near these contacts with the surrounding country rocks.
from the deterioration of most of the pits, they were excavated
the copper boom of the 1880 1 s.

JudgLn~

~uring

Several pits are shown on the maps of the

She;ardson-Tapley (Plate VI) and Jones (Plate V) prospects; the pit at
300 N,. 300 E on the Jones grid is ·in a slice of greenschist too sr;.all to
m&).

Several sites of rusty weaihering are shown on Plate IB along the

road north of West Brooksville, at the end of Mills Point, and in the
greenscbist north of the Narrows.

The entire westernmost segment of

greenschist on the Jones prospect (Plate V) is
Hvdrothe~mal

alteration along contacts.

rus~

weathering.

The rusty weathering along contacts

is related to two types of hydrothermal alteration.

The contact at Mills

point and the pits along the contacts on the southern shore of the Narrows
(Plate V) are similar to 67/345 of Table 11.
yellowish-greenish-brown weathering.

Fr~sh

The rock is punky and
rock is megascopically gray,

poorly foliated, and has 1 to 4 mm dark splotches which are chlorite;
colorless, acicular grains 1 to 3 mm long are anthophyllite.
the~e

In

t~in

minerals occur as·randomly oriented grains in a submicroscopic,

3ection,
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mosaic groundmass; biotite seems to replace chlorite; anthophyllite
definitely cuts across the chlorite.

Approximately 15 percent of the

rock considts of opaque minerals, mostly pyrite (see assay (3)· of Table
18).

The geologic history of the area suggests that the chlorite may

have formed by metamorphic hydrothermal reactions during movement along
contacts during or after folding and that the anthophyllite may have
formed during later contact metamorphism by either the nearby Bays-ofMaine mafic complex or the South Penobscot granitic pluton.
The second type of hydrothermal alteration occurs at most of the
other sites of rusty weathering and is best developed in the westernmost
segment ot greenschist on the Jones grid and on the antiformal nose at
West Brooksville (67/370 of Table

11)~

At these two latter localities

the entire outcrop width of the greenschist has been altered to a dark
brown weathering rock that is dark gray and aphanitic on fresh surfaces.
Scaly weathering is an indication of the foliation seen in thin section;
the folia are approximately the same width as in unaltered greenschist.
The entire rock isso altered that it would be difficult to recognize as
altered greenschist if it did not strike into unaltered greensrihist to
the north and east of West Brooksville.
In thin section, the most abundant matic mineral is tremolite
which seldom exceeds 0.5 mm in length.

The tremolite is fairly well

oriented within the folia but is best developed within quartz veinlets
alongside opaque minerals.
morphic reattiors during

th~

The rock is inferred to have formed by metawaning stages

~~

folding, and the absence of

anthophyllite is probably due to the fact that the West Brooksville, and
most ot the other similar localities, are not as close to major intrusions
\

as 67/345.

123.

Creation ot rocks such as 67/345 and 67/370 from normal Brooksville
grecnschist requires

majo~

introduction of but one element, the sulfur

in the abnormally abundant pyrite of these rocks.

It the iton content

ot the original actinolite ot the greenschist is fixed as pyrite (or
other sulfides), magnesian-rich amphiboles may form.

The alteration ot

the rocks along the Narrows could have been caused by magmatic hydrothermal
solutions emanating from either the mafic or granitic intrusions, by hydrothermal solutions activated by emplacement of the intrusions into the
Ellsworth and Castine formations which commonly contain a percent of
pyrite, by metamorphic hydrothermal solutions scavanging sulfide sulfur
from the country rocks during the metamorphism that formed the Brooksville
greenschist, or by some combination of the three.

As noted before, the

presence of anthophyllite together with the comparatively coarse grain
size of 67/345 suggests that contact metamorphism was important at the
Narrows.
The rusty weathering zones in and near West Brooksville are close to
the pyritiferous Penobscot slate.

During folding, sulfide sulfur could

have migrated from the slate into dilatant zones in the nose of the antiform at West Brooksville.

The rusty weathering zones as far as one mile

north of West Brooksville could have formed along northeasterly trending
faults.

Many such faults could have displacements too small to recognize

during the present investigation.
The al:ove examples of introducing sulfur from the country rocks
into the greenschists may be

co~s~dered

t~e

metamorphic equivalent of

the sulfurization hypothesis described by Cheney and Lange (1967).
Shepardson-Tapley prospect.

The Shepardson-Tapley prospect is located

almost midway between South Brooksville and West Brooksville.

The history

ot this prospect has already been summarized (page 113:) and the property
has been described by Emmonds (1910), Earl (1950a), and Young (19o2).

The prospect was mapped on a scale of one inch equals 200 teet (PlDte VI)
so that the magnetic and selt-potcntial surveys published by Young (1962,
Plate 51 and Plate 52, respectively) on an only slightly

sm~ller

could be used conveniently in conjunction with the geologic map.

scale
Faint

markings on old stakes indicated that Denison Mines Ltd. used the same
grid during drilling in 1963-1964 as Young did in 1961; parts ot this
grid were availabie when the property was mapped during the summer of
1968.

The host rock of this deposit is a

cordierite-anthophy~lite-bearing

granofels (67/1130•and 67/1172'of Table 11) which has been consistently
misidentified as a tremolitic rhyolite ot the Castine formation (Ernmonds,
1910;

~arl,

1950a; Young, 1962).

Xhe rock weathers brown.

Fresh rock

(67/1130) from the Shepardson dump has individual tan blades up to 4 mm
long and radial clusters of anthophyllite up to 1 cm in diameter in an
aphanitic gray groundmass.

In thin section, smaller needles of antho-

phyllite cut across quartz lenses; the groundmass is a submicroscopic
mosaic, but elliptical portions several millimeters across go to extipction simultaneously, suggesting that the mosaic contains altered cordierite.
Sample 67/1172 is more representative of the altered greenschist.
The anthophyllite is finer grained and barely visible with the naked eye.
Megascopically the groundmass is a felty tanish gray, but some rocks are
purplish brown (presumably due to the development of microscopic biotite).
Irregular dark gray, aphanitic blotches l to 2 cm in diameter occur in the
felty groundmass.

In thin section, this rock is better foliated than

67/1130 except that the blotches are mosaics of opaque minerals, fine
grained anthophyllite, and unidentifiable felsic grains.
are inferred to be former cordierite porphroblasts.

These blotches
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Although the exact origin of cordierite-anthophyllite assemblages
is unknown, or at least controversial (Turner, 1968), the map patterns
of Plates IB and VI indicate that this granofels is a conta6t metamorphic
derivative of the Brooksville actiniolitic greenschist.

The formation of

a cordierite-anthophyllite assemblage requires the removal of a considerable
amount or iron from the originally actinolitic schist.

Actuall~

the iron

need not be removed; it need only be consumed by the associated sulfide
minerals.

Because sulfide minerals are not abundant in unaltered gre2n-

schist (67/324 and 67/1000 of Table 11) sulfide sulfur has been introduced
into the Shepardson-Tapley rocks.

The almost unescapable conclusion is

that the introduction of sulfide sulfur during contact metamorphism contributed to the formation of

th~ c~rdierite-anthophyllite

assemblage, and

that very little, if any, of the iron in the sulfide minerals has been
introduced hydrothermally or otherwise.
Areas of known sulfide mineralization in altered Brooksville greenschist are associated with magnetic lows at the

Highlan~

Blodgett, and

Shepardson prospects (see Young, 1962, Plates 27, 47, and 51

respecti~ely).

The magnetic lows at 900 S, 500 W, and 200 S, 000 W on the Jones grid
coincide with the inferred contacts of the Brooksville schist and could
be concealed sulfide deposits.

This correlation suggests that pyritization

of the greenschist not only destroys actinolite, but any other magnetic
minerals, such as magnetite-ilmenite that may occur as opaque minerals.
The other major rock types at the Shepardson-Tapley prospect are Ellsworth
metaquartzite, Ellsworth ribbony schist, and a metabasaltic dike.

Some

of the Ellsworth schist along a fault zone (68/1133 and 68/1155 of Table
3) has been partially altered to petrographic sericite.
Structurally, the deposit occurs along the axis of the previously
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described (page 102) southeasterly plunging synform of Ellsworth n8c.

The

told may have channeled sulfide sultur-bearing solutions upward until
they intersected and sulfidized the Brooksville greensch:i.s t .,

Ho·:.1ever,

the northeasterly trending faults of pre-Sedgwick age (page 92) probably
were more etticient channelways tor hydrothermal solutions.
Pl.ate VI indicates where diamond drill holes have been drilled in
the Shepardson-Tapley prospect.

Although cores are not presently avail-

able for examination, the results obviously have not been encoura3ing
or the property would have been explored further.

According to Earl

(1950a) ore grade intercepts were two feet or ieis, and Young's composite
assay (1 of Table 18) is not very encouraging.
Pyrite is disseminated throughout the thin sections and one massive
lump up to 4 inches wide was :found on the main Tapley dump.

However,

most of the megascopically visible chalcopyrite in dump rocks is in 1 to
3 mm wide veinlets; these ·are so widely spaced that a hand specimen seldom
contains two or more.
Highland prospect.

Some of these veinlets are bent or folded.

Lack of outcrop at the Highland prospect in south-

western Penobscot township hinders evaluation of the

deposi~.

As noted

before and on Plate IB, the presence of a green amphibole-bearing rock
(page 50) and the reported occurrence ot pyritiferous black slate in drill
holes (page 35) suggest that the prospect may be in Brooksville greenschist
intrusive into the Penobscot formation.

Young (1962) obtained that an

assay of O.SOL:.% Cu on a composite sample from the dumps, and JrH. Hogan
(1968, personal communication) reports that drilling by Denison Mines
deline~ted

less than a million tons of mineralized rock averaging less

than 0.6% Cu.
Blodgett

~respect.

The 'Blodgett prospect just west of Route 176 and
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south of Shepardson Brook in Brooksville town3hip is merely a shallow
pit in a rusty weathering zone on the northwestern contact of the Brooksville

greenschist~

Even the geophysical results of Young (t962) are

discouraging.
Recommendations.

Unknown to the miners and previous investigators, the

altered portions of the Brooksville greenschist have been repeatedly
tested with uniformly discouraging results.

The Tapley and Highland

prospects have been tested in sufficiently great detail to indicate that
this is not the proper geologic environment for a copper

or~

deposit;

hence,' no further efforts should be wasted on these deposits.
The previous discussion has indicated that the only major hydrothermal
addition to zones of altered greenschist was sulfide sulfur.
cant amount of metals were introduced.

No signifi-

Because the Highland prospect has

an average grade ot about 0.5% Cu, it would be interesting to determine
the amount ot copper that is indigenous to unaltered greenschist.

ELLSWORTli QUARTL:;ITES NEAR SOUTH BROOKSVILLE
Notwithstanding, 'the long debate as to whether the Black Hawk and
relat~d

deposits in Blue llill are pre-Sedgwick or are magmatic'hydro-

thermal derivatives of the Sedgwick pluton, prospecting for similar ores
should be directed toward finding the same quartzite-bearing interval
in the same geologic environment.

As indicated on pages 103-104 and by

comparing Plates IB and IIB, the quartzites north of South Brooksville
and at the Shepardson-Tapley prospect do have a similar geologic setting
to those in Blue Hill.

However, no surface evidence yet exists for any

ore in the quartzites in Brooksville.
Although no schists similar to those in Blue Hill were found within
the quartzites in Brooksville, this difference could simply be due to
lack of outcrop in the Brooksville area.

Unlike the quartzites in Blue

Hill, the quartzites at the Shepardson-Tapley prospect are tightly folded
and closely faulted.

Because structure makes ore deposits, the advocates

of a magmatic hydrothermal origin' for the Black Hawk ores should be
especially intriguBd

by the greater structural complexity of the Brooks-

ville belt.
None of the drilling at the Shepardson-Tapley prospect has adequately
tested the quartzites for the simple reason that all of the holes were
collared and probably remained in the cordierite-anthophyllite granofels
of the Brooksville greenschist.

The presence of a few chalcopyrite

showings in the Tapley cores (Earl, 1950a) even might be construed to
indicate that chalcopyrite occurs in

gr~ater

amounts in the surrounding

quartzites.
Still another target between South Brooksville and Shepardson-Tapley
prospect wo~ld be the Ellsworth-Castine contact.

The absence of a con-

glomerate in the Castine above the contact in the Brooksville area suggests

i:J.9.

that the contact is a fault.
Finally a third belt of quartzite should not be neglected.

The

structural analysis given on pages 103-104 indicates that bdth the
quartzites

and

the "overlying" granitic rocks dip southward.

The

presence of quartzite in the southwestern corner of Parker Pond may
be an indication .that quartzite occurs in the subsurface south of

Parker Pond.
All of the areas in the vicinity of Parker Pond, South Brooksville,
and Shepardson-Tapley prospect are overlain by extensive
Quaterpary-Recent unditferentiated materials.

de~osits

of

Thus some sort of geo-

physical approach, such as induced polarization, seems appropriate.
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JONES PROSPECT
Location.

The Jones prospect on the southern shore of the Narrows in

Brooksville township is one of the few prospects not associated with the
Brooksville grcenschist.

The main exploration pit is at 800 S, 500 E on

Plate V.
The prospect was mapped during the summer of 1968 often with Mr.
William Chin of Callahan Mining Corp.

A scale of one inch equals 200

feet was adopted so that comparison could be made readily with Young's
geophysical results published on an only slightly larger scale.

Mapping

was greatly facilitated by a 200 foot grid system surveyed by Mr. Chin
and his assistants.

The grid which extended from the shore to 1200 S

and from 800 E to 500 W, was expanded by pace and compass to include the
entire southern shore of the Narrows.
Brooksville greenschist.

Alteration and magnetic lows along the contacts

of the greenschist have already been discussed.

The most obvious magnetic

anomaly is the small high of 4863 gammas above the arbitrary datum at
the water-filled shaft at 050 W, 050 S.

Perhaps a piece of mining equip-

ment or scrap metal in the shaft causes this large positive anomaly.
Rock types.

The area mapped as Plate V is predominantly basal Castine

rocks on the southeastern limb of the Bagaduce River anticline (page 96).
The best mineralized unit is the Castine felsite that thins drastically
southward.

The grid is bounded on the

east~

south and west by metadoler-

itic dikes of the Bays-of-Maine complex.
All ot the rocks are withig t,he biotite isograd, and some are within
the cordierite isograd.

The Narrows and the Hercules prospect northeast

of the Narrows on the northern shore of the Bagaduce River in Penobscot
township are pervasively rusty weathering.

However, the amount of rusty
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weathering is not particularly impressive until compared with all the
other areas at the district ••
Felsitic host rocks.

Judging from the prospect pits and the few sulfides

seen in the outcrops, the most favorable host rock on the grid is the
.Castine felsite (67/320 of Table 9) that thins drastically southward.
The apparently inverse relationship between the felsite and the lapillituft immediately to the west suggests a tacies change or that the felsite
crystallized in a former channel cut into the lapilli-tuff.
The felsite unit shown on Plate V is not entirely composed of metadacite similar to 67/320.

Metadacites are especially common in the western

and presumably upper three fourths of the unit.

Cordierite-be~ring meta-

dacite (67/320) at 150 N, 800 E is frosty and hackly weathering, and
aphanitic; phenocrysts do not exceed one millimeter in length.
and some chalcopyrite occur as fine grained disseminations.

Pyrite

The rock is

riddled with sulfide-bearing quartz veinlets ranging in thickness from
hairline fractures to veinlets 2·cm wide.

Not all veinlets contain

sulfides.

In thin section, the few microcline grains occur next to quartz

veinlets.

Fine grained chalcopyrite and galena are less abundant in the

veins than medium
of Table

l~.

graine~

brown sphalerite(as is also shown by assay (2)

The combined Cu+Zn+Pb content of most samples around the

pits probably is less than one percent;
The rock at the main pit (800 S, 500 E) is similar to 67/320 except
that the hanging wall of the pit is a purplish tuff containing sheared
quartz veinlets and disseminated pyrite and minor chalcopyrite; the purple
probably is contact metamorphic biotite generated by the nearly metabasaltic dike.
67/320.

The pit is in gray aphanitic rock megascopically similar to
This rock has disseminated pyrite (and, judging from assays

J.32.

(4a) and (4b) of Table 18, galena).

Medium to coarse grained dark brown

sphalerite up lo 2 cm occurs in irregular white to light gray scams,
~ssays

(4a) and (4b) probably were of thsse seams, for they·do'not appear to

be typical of either the lapilli-tuff or felsite exposed in the pit.
The owner, Miss Emily Jones, has a 200 foot core drilled by 1.W.
Case Drilling Company of Rockland, Maine sometime in the 1950 1 s,

The

hole is rumored to have been collared west of the pit and to have extended
under the pit.

Virtually every Castine rock type except the conglomerates

is represented in this 200 feet of core which suggests that· perhaps only
the more resistant felsites were mapped.

The last 40 feet of the core

contains 1 to 3 percent disseminated, fine grained, dark brown, sphalerite.
The western

%of

the felsitic unit is poorly exposed.

Along the

shore it is a waxy gray, aphanitic unit with less than one percent
generally fine grained quartz and feldspar and less than one percent
disseminated, fine grained, cubic pyrite.

Although compositionally

similar to 67/320, the rock is quite well foliated, suggesting that the
lapill~-tuff

Structure.

unit on the west may .grade into felsite.
The prospect occurs on the southeastern limb of the southerly

plunging Bagaduce River anticline.

Two faults occur on the grid.

Thick

belts of Brooksville greenschist (Bs) and Castine conglomerate (Cc and
Cce), occur south of 400 S; an easterly trending fault is required to
explain the absence of these units along the shoreline.

The southwes.tern

extension of this fault, as determined by outcrops of greenschist, seems
\

to coincide with the northeastern end of the metadoleritic dike on the
western shore of the West Brooksville peninsula.
A northerly trending fault is required to explain both the absence
of greenschist in the vicinity of 200 S, 000 N and the very narrow out-
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150 N

Composite

s

pit

pit

pit

Dump
800

Jones

(4a)

Jones

(3)

Jones

(2)

Tapley

(1)

I

I

q. .f-:.

2.6
0.209
4.5

0.6
3.8
0.113

4.9

0.020

tide

of shaft
0.010

high

sou.tb. 1~.,;es t

shaft

shoreline
below

Hercules

Hercules

350 feet

(6)

(5)

Table 18. Assays from Young (1962)
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crop belt of grcenschist along the shore.

The presence of Ellsworth

rihbony schist with the grecnschist near 300 N, 300 E suggests that the
eastern block moved upward as well as northward.

If so,

th~

easterly

trending fault must have a shallow southerly dip to explain its apparent
southward offset.
Recommendations.

The network of tiny quartz veins in 67/320 indicate

that the felsitic host rock is very brittle.

The groundmass of this

rock probably contains abundant submicroscopic plagioclase.
that fractures were available for the ingress ot

hydrotherm~l

Assuming
solutions,

this plagioclase might readily alter to phyllosilicates thereby causing
the neutralization of hydrothermal ore solutions and the precipitation·
ot sulfide minerals.

Additionally, this rock has disseminated pyrite

which might be replaced by the less soluble sulfide ore minerals.
In otherwords, the felsite probably is a physically and chemically
favorable host rock tor the precipitation ot hydrothermal sulfides (regardless of the origin of the hydrothermal solutions).

Presumably ore

deposition occurred where this chemically favorable rock is tractured.
Accordingly, exploration should be centered upon the area ·where
the easterly trending tault cuts the felsite

f~om

200 to 1200 E.

It

this target proves to be at least moderately mineralized, additional
holes should be inclined northward under the Narrows to intersect the
tault zone postulated (page 90) to parallel the Narrows.

1J5.

HERCULES PROSPECT
Loc2tion and

~eolo~ic

setting;

The Hercules prospect is on the northern

shore ot the Bagacluce River in Penobscot township northeast ,ot,

the

lfarrows.

Mapping of the almost continuous outcrop along the shore indicates that
the prospect,
dierite-bearing

which is largely underwater, is associatcJ with lar~u corh~nfelses

derived from tine grained Castine tutfaceous

rocks (67/717 of Table 8).
Because the prospect ii underwater, it could not be mapped in detail,
and Youngs map (1962, plate 34) indicates that no outcrops qccur inland.
Furthermore, this prospect was explored

by g~o~hysical methods and drilling

in the past decade (R.G. Doyle, 1967, personal communication.)
Evidently the results (see assays (5) and (6) ot Table 18) <lid not
warrant further development.

However, the Hercules prospect is attractive

tor two reasons: (1) It is not associated with the Brooksville greenschist,
and (2) it may be an

exten~ion

ot the Jones prospect.

Hercules-Jones interrelationshios.

The Hercules prospect has much the

same geologic setting as the Jones except that it is even rustier weathering, contains larger and more abundant cordierite and pyrrhotite as well
as pyrite.

All these differences simply indicate that the prospect is

tLlrther inside the contact metamorphic aureole around the granitic and
mafic intrusive rocks (see Plate IB).
Sulfide ore minerals trom the Hercules dump arc the same as those
reported by Young:

pyr~hotite

galena and chalcopyrite.
prospc~ts

and sphalerite with lesser amounts ot pyrite,

Even Young's assays from the Jones and Hercules

(Table 18) have roughly the same ratio

ot metals.

The major difference between the two prospects are the absence of
thick Castine conglomerates and felsites at the Hercules.

The absence

or thick conglomerates has already been inferred to be due to the

otfs~t

iJG.

and

northward extention of the northerly trending fault in the middle

of the Jones grid (page 90).
Considering the somewhat northeasterly strike of the felslte on the
Jones prospect and the inferred offset

caused by the northeasterly fault

under the Narrows, the telsite should,

u~less

ward, bccur at the Hercules prospect.

A few felsites too thin to map

it also pinches out north-

do occur on the shoreline north of the Hercules, but more importantly,
felsites megascopically similar to 67/320

occur in the Hercules dump.

Thus, the same type of host rock anC! mineralization seem to occur
at both the Jones and Hercules prospects.

The felsite simply does not

intersect the shoreline at Hercules, and it probably is truncated by "the
northern extension of the Mills Point fault just west of Tills Cove.
One might speculate that the entire felsite zone between the Jones ana
the Hercules is

mineralized~

Recommendations.

but offset by faults.

Because the major Mills Point fault may have caused

even greater fracturing at the
the better deposit.

H~rcules,

the Hercules might be considered

If so, the discouraging results ot the past decade

at Hercules are especially discouraging unless the felsite was not adequately
explored or unless the Hercules was abandoned because ot its seemingly
small tonnage potential.

AGE OF SULFIDE MINERALIZATION
Although pyrite is disseminated throughout the groundmass ana former
porphroblasts ot 67/1130 and b7/1172 from the Shepardson-Tapley prospect,
mer,ascopic concentrations of chalcopyrite in dump rock occur along widely
spaced fractures.

Some of these tractures are not planar (especially at

140IT N, 475 E on the Shepardson-Tapley grid) suggesting that tolding continued after emplacement ot the sulfide minerals.

Folded fractures are

often cited as evidence that the sulfides were deposited before or during
regional metamorphism, and in this case, would imply that the sulfides
predate the Sedgwick granitic pluton (Earl 1950a) and the Bays-of-Maine
mafic complex.

Inasmuch as the post-metamorphic Sedgwick pluton or the

Bays-of-Haine complex formed the granofels from Brooksville greenschist,
this line of reasoning may not be 'correct.

The sulfides could not have

been emplaced prior to formation of the granofels which formed by contact
metamorphism unless one asswnes that sulfide veinlets in the greenschist were preserved when the rock was converted to granofels.
Ad hoc explanations such as this are avoided by recalling (pages 24
and 10$ that emplacement of the granitic plutons caused local deforma·tion
of the Ellsworth schist elsewhere in the inner part of the contact aureole.
This realization should be applied to the' Blue Hill district where the
deposits including the Black Hawk mine are in contact metamorphosed
Ellsworth rocks along the northern contact of the Sedgwick pluton.

The

sulfides of the district are reportedly banded and, therefore, have been
considered older than the last regional metamorphism (Emmons 1909, 1910).

HYPOTHESES OF ORIGIN OF THE MINERALIZING SOLUTIONS
Prev:Lous hynothesis.

All previous investigators (pages 112 to 11:?) have

suggested that the ores are either magmatic hydrothermal derivatives of
the granitic plutons, or that they predate the last regional metamorphism
and the granitic plutons as well.

No investigator has considered the

possible significance of the Bays··of-Maine igneous complex or deformation
accompanying emplacement of the granitic plutons.
The _Bays-of-Maine complex

2,s

a ·her::;'i: engine.

Metabasaltic to metagabbroic

dikes crop out in the Shepardson-Tapley and Jones prospects.

Several

investigators have already noted that the mineral deposits other than
Callahan 1 s mine on Cape Rosier, are within contact

metamor~hic aureole~.

·1

'1 r1

J. JO•

The aureoles were assumed to be generated by the granitic plutons, but
this study has shown that the mafic Bays-of-Maine complex probably underlies the entire Blue Hill-Castine district.

Furthermore, the area of

outcrop of the complex is coextensive with the South Penobscot and the
northern edge of the Sedgwick granitic plutons that were assumed to have
caused the contact metamorphism.
Emplacement of the Bays-of-Maine mafic igneous complex may have
caused a significant amount of the contact metamorphism of the district
including the alteration of the Brooksville greenschist to
anthophyllite-bearing rock.

~

cordierite-

Hydrothermal solutions derived, perhaps in

part from the mafic complex, but predominantly from the country rocks
may have caused the mineralization.

The mafic complex may have provided

little more than heat to drive the solutions,

.Later emplacement of the

granitic plutons deformed the contact metamorphic rocks enough

that the

sulfide minerals which inherently are very unstable physically, were
folded, foliated, or recrystallized into their present configurations.
The rising granitic pluton hypothesis.

Ore bodies are typically found

around apically truncated stocks or cupolas.
district do not have the characteristics

Yet, the plutons of the

often~associated

with cupolas

(such as extremely discordant contacts, roof pendants, extensive areas
of hydrothermal alteration, and significant amounts of sulfide minerals
within the isneous rocks, etc.)
The hypothesis that seems to best fit (1) the spatial relationship
of most ot the deposits to the granitic plutons, (2) the evidence for at
least limited deformation during emplacement of the granitic plutons and,
(3) one that could produce banded sulfides in contact metamorphic rocks
is as follows:

The sulfide deposits formed above rising granitic plutons

J.39.

before the individual pluton had yet risen to the level now revealed by
erosion.

As the granitic magmo. rose through its own contact metamorphic

zone, it diGrupted the zone sufficiently to deform the sulfide deposits
previously formed by magmatic hydrothermal solutions.

16,().

PENOBSCOT AREA
One of the most promising, and as yet: largely unevuluated, arc.us
for a new mineral discovery in the Blue Hill-Castine district ·is in
Penobscot townnhip.

The base of the Bayu-of-Mainc mafic complex

]i;_i,n

not yet: bc<'n fully mnppcd but: is believed to extend from Patton l!l.11
southwestward to Perkins Hill (see Plate III).

The basal portion of

this complex is an ideal environment for a small to medium-sized
Sudbury-type nickel-copper deposit.
Iron-nickel sulfides have been found in other gabbros of the Baysof-Mainr~

complex (Amos, 1963), in norites from East Union to Warren,

- Maine (Bastin, 1908; Cheney, 1967) and
1968, personal communication).

elsewher~

in Maine (F.C. Canney,

The Knox Mining company is presently

developing the East Union-Warren ores.
Sudbury-type ore deposits are characteristically associated with
more siliceous differentiates along the base of mafic plutons intruded
into sulfur-rich country rocks (Cheney and Lange, 1967).

Within the

Patton Hill-Perkins Hill segment the gabbroic, and presumed bnsal part,
of the Bays-of-Maine gabbro-diorite body intrudes the pyritiferous
Penobscot slate.

Unfortunately time did not permit mapping of this

contact during the summer of 19b8.
A thin section from the margin of the gabbro-diorite body east of
Sparks island (Table 7, 67/855) contains two micro-examples of characteristics typical of Sudbury-type deposits: micro dikes of pyrrhotite and
hornblendite within slightly cataclastic gabbro-diorite.
J.D. Oliphant is currently completing a Master ot Science thesis
on the petrography of the igneous rocks of eastern Penobscot township
(Plate III).

She has examined a biotite-bearing hornblende peridotite

]!J.l.

from southeast of Pierce Pond.

The rocks consist primarily of very

coarse grllinecl hornblende .poikolitically including 1 to 2 mm olivine
grains.

The rock contains 3.0% magnetite, 1.2% sulfides, a~d 1000 ppm

Ni (by atomi.c absorption spectrophotometry).
Sudbury-type ores commonly have several percent disseminated
magnetite (Cheney and Lange, 1967).

According to Souch (1966) the

mean nickel values of the norites at Sudbury are 950 to 1150 ppm, and
the basal marginal facies that contains the ores averages 18 000 ppm.
1

It is indeed tempting to speculate that the hornblende peribdotite at
Pierce Pond may be one of the siliceous differentiates that are generated
during the formation of Sudbury-type deposits according to the Cheney
and Lange hypothesis.' It is worth noting that hornblendites are
associated with the nickel ore described by Aho (1956) in the otherwise
pyroxenitic stock at Hope, British Columbia.

Flf.LURE lvORK AND REASONS FOR CONTINUING THE BLUE ll.ILL-C/\.STINE PiW.JJ::CT
GENtmi\.L

The mo.jor reason tor continuing the present project is, th'at tl.c
geology of the area is jusc now beginning to be understood.

For the

first time the economic potential of prospects can begin to be evaluated
in light ot the geology of the district.

In other words, were the

project to be cancelled now, it would literally be nipped in the bud.
ECONOHIC REASONS FOR CONTINUING THE PROJECT

Specific reasons tor continuing the project include those that
may be ot some benefit to the economic development ot the State and
those ot purely scientitic interest.

The latter obviously are of second-

ary importance and need not be discussed here.
Value of the Penobscot nickel urosnect.

One of the most promising areas

for a new ore discovery is the-previously described possibility of finding a small to medium-sized Sudbury-type deposit in southwestern Penobscot.
This area was not evaluated

durin~

the summer of 1968 because the Maine

State Geologist preferred to have the areas ot known Zn-Cu-Pb mineralization investigated first.
Additional field work is needed to detine both the position and
geographic extent ot the contact between the gabbroic part of the Baysot-Maine complex and the pyrititerous Penobscot slate.

For example, an

inlier of Penobscot slate may exist between the eastern margin of the
Wallamatogus pluton and Route 15 in northern Penobscot township in the
Blue Hill and Orland Quadrangles,

Samples of gabbroic rocks should be

collected tor petrographic and mineralographic examination and tor determinations ot the abundances of ~ickel, copper, and sulfur isotopes.
The seolosical, mineralogical, and geochemical criteria described by
Cheney and Lange (1967) should be used to evaluate the area.

"L I LJ
,,

•

The vallle of such a deposit to the Stntc of Haine may_bc sevc;ral Urcie:s
Fre2ter than the vallle of

th~

deposit itself.

The Knox Mining Company

evidently is having difficulty bringing its Sudbury-type deposit in
Union and Warren townships into production because of the lack at
smelting tacilities.

If a deposit could be found at Penobscot, a

smelter mi3ht be justified.

A aii6overy at Penobscot would also stimulate

exploration tor additional deposits elsewhere in the Bays-at-Maine
complex which is known (Amos, 1963) to have other occurrences ot nickeliterous sulfides.

Evidently some potential also exists for. similar

deposits in Somerset County (F.C. Canney, 1968, personal communications).
Northern margin of the Sedgwick pluton.
been mapped in detail.

The Sedgwick pluton has neve'r

The portions in Blue Hill and Brooksville mapped

during the present investigation have not been adequately compared
because the intervening area in Sedgwick township remains virtually
unmapped.

The northern third of the pluton should be mapped to see

whether it contains at least

tra~e

amounts of sulfides that might indicate

some genetic connection between the pluton and the mineral deposits in
the Ellsworth schist along the northern and northwestern margins of the
pluton.

A sulfur isotopic comparison of sulfides from the pluton and

trom the peripheral deposits might also indicate the parentage ot the
deposits.
Drill cores.

Diamond drill cores ot the Hercules, Tapley, and Highland

prospects and of a deep hole south of the Black Hawk that passed through
granitic rocks into Ellsworth schist are available for study, and cores
frorn the Black Hawk mine might be made available.

Study of these cores

might add materially to an understanding of the individual deposits and
the geology of the area.

Publication of results.

If the information gathered during the present

investigation is to be useful to the mining industry, a final report
should be published in a State bulletin.

The present report i's only a

progress report: several items should be field checked, additional thin
sections of !:he altogether too many fine
and

gra.in~d

rocks should be examined,

the above listed drill cores should be examined in order to present

the available subsurtace intormation.

Mapping should be extended to

include the previously mentioned areas and the area between the PenobscotBlue Hill town line and the area ot Plate II.
Finally, the map of the entire district should be constructed tram
the tour plates.

This map sh,ould be ot the quality attained in recent

publications ot the Maine Geological Survey, that is, the maps should
be printed in color upon a topographic base.
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